19AUGR205 ULTRA- LOW TEMPERATURE CLOSED- LOOP RECI RCULATI NG GAS Gif‘l?l_ﬁﬂ@m
SYSTEM CROSS- REFERENCES TO RELATED APPLI CATI ONS The application clainms the
benefit of the filing date of U S. Provisional Application # 60/271, 140
filed February 23, 2001 and U.S. Provisional Application # 60/214, 562

filed o I A Q,Oi_- NVENTI ON The present invention rel ates
to appag%?g%nld procggggk%mgu@SE]@aLw&ECﬁRG{ﬁhmenSi ty of
el enents at tenperatures i -low to high, contained in a

cl osed | oop hegP exchangemlégmgsyﬁbhﬁo such apparatus and
processes utilized in the manufacture of sem conductor wafers. BACKGROUND
OF THE | NVENTI ON Refrigeration systens have been in existence since the
early 1900s ﬁgg eliable scaled refrigeration systens were devel oped.
Since that TRHES- RENFESTEO RELATEDR AFPLACA@ONSEChnol ogy have proven
their util i{. in both residential and industrial settings. In particular,
"ultra-1 ow' ]%/ee?’rP'BB?%qurcéalméfthd bretit ofxhe SYia g da® df'U.S.qﬁl'B{r?éioﬂBPVi de essenti al

i ndust Apcafi [ [ i di cal . applications, cryoelectronics, coating
oper atiI!(’)p;}sc,a lg&ﬂﬁkgfg%?égﬁgu%ﬁ%%ﬁé?’aﬁ{%&@%}-&rﬁw@ma@mﬁ@%ﬁ gns. |n many

of the@rlézlalpfpﬂﬁﬁ:lacﬂbnﬁslyli,no(bls necessary that a systemelenent, such as a
sem conduct or wafer hol der or other device [hereafter sonetines referred to
as an external heat |oad heat exchanger] be cycled through both heating
and cooling reginmes, depéending on the specific processing step. During

- normal operMELDNOF THE NSVAREESKATY t0 cool and maintain the device at
ultra-low tenperatures, During start up, or when vacuum has been | ost or

t he processTHeYredehi! . Q reason, it is necessary to supply high
heat. In_ the elg;’-arsec o@n’g‘ﬁ‘%%%?eﬁgﬁ? PRI Fulpraesses DBBIToBOGLBN[POLY 18. 392]

1 1 9 thehet 2esitodkEengars at Sgieratred SR fer, chuck in a clean
room edné{{)sregqgenl’ﬁ]é a_bakeout prégerssris rgggﬂ'gg‘?tﬁ%fo&rm@alﬁglgﬁg?@meg%m heat
| oad heat  excHanger* Byet: Mpirgagiqulahyto sacicappataneshd Foesidsiu@fized bakeout

pr ocesis thembidatigldromRbndldior it Aces 1 n a vacuum

BACKGROUND OF THE INVENTION

Refrigeration systems have been in existence since the early 1900s, when reliable

sealed refrigeration systems were developed. Since that time, improvements in

refrigeration technolo gy have proven their utility in both residential and industrial

setngs. In particular, “ultra-low” temperature refrigeration systems currently provide

essential industrial functions in biomedical applications, cryoelectronics, coating

operations, and semiconductor manufacturing and test applications.

In many of these applications, it is necessary that a system element, such as a
‘semiconductor wafer holder or other device [hereafter sonietimes referred to as an
external heat load heat exchanger] be cycled through both heating and cooling regimes

depending on the specific processing step. During normal operations, it is necessary to

cool and maintain the device at ultra-low temperatures,

During start up, or when vacuum has been lost or the process interrupted for some

‘Teason, 1t is necessary to supply high heat. In the case of an external heat load heat
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chanber to renove water vapor and other contam nants after the cASAUE 23S

been exposed to the atnosphere, such as occurs when the chanber is opened

for mai ntenance. Conventional techniques of perform ng a bakeout process

i nvol ve heating the surfaces of the systemelenment with a heater to above

+200 C for a prolonged period of time. In these applications, a tenperature
modi f APPSR R peaSsisendicts widerchpabinea olban ROEOEAVIdaineA] athAReR@keout

pr ocesmcaddds hag | i requi renents of the system where the
el erregt st bee%%ﬁgfﬂﬁéﬁggkm%n}%gﬁ%aﬂcﬁigé}e Tty @fﬁergﬁﬁb@ﬂﬁ@ﬁf@bri or to the

conmeACERRtchImpueltionpA balwoof proedssa the Bestald A su 5&%‘?199%%4% it is
neces§ﬁz{n¥berttg1rae'tm&;tv?$~§%stem provi des a bakeout cucle, as we as a post - bake
|

cool i ng cycle, EPor4nd pihes oplampmantcastsr thegehawbkehasibeemhi ch t he

ext er aglosbeat tht e@shspRAL, LXIF RANQGEs | led . fromthe bakeout tenperature
down to near anbi erﬁ3 t enper at ur gx.ts eélﬁtggf:gaé?l?ertl%%p%&ﬁ%ﬂmm&ﬁ’BWCﬁg cycle

br i ng$ RHAtEP¥Heshnigienafl pasfornengrobakebutq@bekse bRl Hagtin SFR RN g‘,ﬁr ange

bet Wwed sy @mdidna: ...For the purposes of this application, eating"
refers to the lgﬁ%}tﬁ %‘naqb‘?ial:eﬁéoa?bqﬁ’f’aﬁp ak fen7 profonged pemodiof timef r i ger at i on”

-refers to wﬁjgsrerm .al . of heat froman _object or fluid (gas or |iquid) at
t enper at ur es e W‘P%WT%‘E’E@F"&E%? godgfiration system ot alsebpedpablerg® refers to
Pa

t he t ecpamaddarigs FFANGRAE T Q C For the.purposes of this
apptication, a Feat exch?ﬂ)}r‘f&g;cgﬁb a#gglﬁ%ﬂ%tgégﬁoggc%ﬁ% r‘é‘ﬁ’ﬁ‘gg‘éegtsﬁ’écélﬂe to be

t r ans PSSR heredhe slsmenimiinst bedraught thewn tohbd ndaeahbRECRARSRNSe gﬁéﬁr i bed in
this aRRIWERARR'E hidi rect heat exchangers, that Is, th medi a do not
come into physical ContAPton RAnItal pperptipnsaConssauerilyait ieneshssager refers to

the t Hef elsystemerbvides DbakebitchclReatwell S ) rom an .object or fluid and
transberr dto az cool i ng nedi um’ Pr or a%?g%gglgesélog 18%yﬂ8\fl§ﬁcﬁr8f“ been

i nt egrated® Hyena srolingcyklsy i vibich therexeerphldteedioaphen ietimagghrat Bod)gpt i Ng and

refri gofmthe ®RkM;t £ system .Furthernmore, prior art 100597-09510
1POLY 18, 392] 2 chih]}?’leu{aﬁgeg?/‘gﬁé‘%ﬁée%g’é“%*ﬁﬁwta@- Lhereafiar e nempar at ur e

chi | | EePlggsyels brghthepiinaatoonso therBnakl &Rﬁ&;‘g&?ﬁ e‘[g'ﬁ?%rrggl}'? %’a\%[gi? gﬁ; er at Ur es

refriggratl op, cvel y be utilized to provi u
for tﬁe C +I$%%‘¥(gé§%s°g§h as a Mssiner type auto-refrigerating cascade, USP
3,768, 273; pe singl e-phase separator system or a single

ol'a tKlimsnko t% ng|
expansi on deVi l'tﬂé)qws el apglication, “heating” refers to the addition of heat from

an object or fluid, “refrigeration” refers to the removal of heat from an object or fluid
(gas or liquid) at temperatures below room temperature, and “ultra-low” temperature

refers to the temperature range between —50 and - 150 °C

For the purposes of this application, a heat exchanger means a device that causes
heat to be transferred from one media to another.

All heat exchangers described in this application are indirect heat exchangers, that
1s, the media do not come into physical contact.

- An external heat load heat exchanger refers to the thermal interface at which heat

1s removed from an object or fluid and transferred to a cooling medium.

Prior art gas systems have not been integrated systems and have not contemplated

providing both heating and refrigeration within the same system. Furthermore, prior art
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disclosed in USP 5,441, 658. Further exanples of open | oop gas chill9 Aus 26e
products nmade by |1 GC Polycold Systens (fornerly of San Rafael, CA now

| ocated in Petaluma, CA), such as the PGC-150 and the PGC-100. Such
systens typically are used to chill a stream of pressurized nitrogen gas
fromroomtenperature to between -90 C and -130 C, depending on the
speci Mg sRmeRsgd o prwvidetudira-tav tentpeeatiteiilledl &8 t@fuchnPphiogload gas
rangiar}opgi;émggpgs?gnnd 15 scfin. In current open | oop systens, ambient
tenperature gas at ¥ ow to nediumpressure is chilled to ultra-Iow

~ tenperaturgs.in open | ogp where the chilled gas provides the necessary
cooling t oggrhoéls é%&?#%&?n Filécjgs pgybe weligeddy @m@@%@ oftrptovetenperdtmes t o be

cool efbr theAhtlRA dag OhGsR j t.o.1he - rnal _hea t exchanger

t he f IS ventggf:i. Thg rfe\sgﬁééggjgta%énﬁg?gééétz%g Has™ ehgsbgﬁgffgi’ of being able
to oglg 3Rk (Pe slaalgyphoseatepamomayttiner 4 dngleexpanribadicvicRyRenicads of days to
mont h§sdlh Wi t IS (continuous sypply of fresh, clean, and dry gas.
Hovveve_rs', étaﬁeu(r;I ?égr%‘?ﬂgﬁr%r gf‘fgﬂﬁfeﬁ‘ﬁfq@% #&BE%I@?;@'&S EWWS@%PWQEI n open | oop
gas cmndd bISG yoheal Sybrntssforiany 8t SadRabE ST IoEAARYSEEA AL O the
surrodé%glsn%len%%k nrent after the external "heat [oad hea excﬁlghger has
been |SBH as lrbhindjthe BGEat06 Sucbeystosis tipscalyowe ded thlafil 4 S capabl e
of comaaﬂ“qtﬁésg =enl eni shi he refrigeran as within the refrigeration
systemin or deruﬂtif(;egnng@rﬁ%gigﬁggﬁgpr%mg%@p f%gi%‘?eéwg‘mﬁq w20 The need to

provi de depesing onubaspeyific siop¢lland ifbwitly wehsthé Yok Qalel 81 tHe%Bbted lgds "0
cost-&héﬁgtbleve d§e @ﬁ th%l]open | oop design, and is a serious drawback of
the prro aweea g PP g systens. Since in open-loop gas refrigeration
syst ens th)ge? ultra-low tenperature gas is sinply exhausted into the

sur roundi ng' SR ATHEPRP BFtears. ahbicatempaaturh gat atlloado hredium pshianger has

been zeAlRM o LlBLIBW tSm for, condensat i nd frost buildup to
100597- 095i 0 [ POLY 18, g@fﬁ%ﬁ@%ﬁ O (2oP 53@8&&1 e@ﬁaﬁ revidenthest vent that
i st ypecessarycdobivg tethe witehiah heat $eidi Heaneketiintier BROMEASTHEL e &Jo?e%ﬂ. room
Consegtﬁgpéljo¥- .anot her drawback of the prior art open-loop gas chilling
syst ens ) ROVIGHIE RIIPE frthe SKicpad beat deaddrcateyshiangsathegas scbntadoShe wi t hi n a

cl eanrefiogarateivirb QREBAY thO herbfit SEHL; manufact uring pr.acess.

S| m | ar | y i nVF: he bakeout < prlog‘ggéslﬁggﬁrgrg(} §£erate 111 Stea&y-state%ogéltlons For

_ extended time periods of days to months provided there is continuous supply of fresh,

clean, and dry gas.

However, there are numerous negative aspects to such systems.

In open loop gas chiliing systems the refrigerant gas is simply exhausted into the

surrounding environment after the external heat load heat exchanger has been cooled.

Consequently, a gas source must be provided that is capable of continuously replenishing

the refrigerant gas within the refrigeration system in order to maintain proper gas
pressure and flow rate. The need to provide a continuous gas supply 1s very costly to the

user, is not cost-effective due to the open loop design, and is a serious drawback of the
prior art gas chilling systems.

Since in open-loop gas refrigeration systems the ultra-low temperature gas is
simply exhausted into the surrounding environment after the external heat load heat

exchanger has been cooled, there is a tendency for condensation and frost buildup to
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exhausting high tenperature gas into the surrounding environnent 1 %afdU&a005
detrinental to the sem conductor nmanufacturing process and to the
environnment. Lastly, in the case of a |arge-scal e manufacturing process
having nultiple external heat |oad heat exchangers to be cooled, a very

I argeo&?P IH}{)W Bat§ is required to achieve the cooling of nultiple
external neat TOXH Keauthat iciaicgly bcatsilivathin psemicoogugasmehithdtinige  Syst ens
requi ¢learrogas source to continuously replenish the spent gas, a gas source
capable of supplying this large volunme of gas is needed in order to

mai nt ai n t RnEQP& eand flowrate to all external heat |oad
heat 'exchanggr sfﬁ to yﬁgﬁét(})lglf)&erggfgg%(uoﬁﬂ%ﬂ%?rhaédf ORFIARBR RS Frllmgsygemsis art open

| oop Yssewimantal pgessystafivondansativn anderist WRMBDL ciRhn ARV il%n%ﬁﬁt Sirce
ing the |arge volune of gas needed or the cooling of

capabl.e.: | yi J ]
mul ti%o e‘&l;e&“?‘g‘%gﬁanﬁ SﬁUHPSé’&ooﬁésats@%léﬂﬁﬂgég%balﬁe@@mbqss, sileplyi ger ati on

syst eeshabstitg MEPRAPREAINRISH; osed | 0o ri nci pl es. For
exanp| esa , iLtJX:%S. Pat é)ﬁt t%gﬁ%%%eggggg%&g{}% §+Velr Wﬁq%ﬁlbg desrmaetal @y yogeni ¢

Li queﬁ*‘&é?m&ﬁﬂ@ctqrﬁawfaqtmﬁnmwss bhdbto thateatiroMaent6, 041, 621, entitl ed
"Single Grcuit Cryogenic Liquefaction O Industrial Gas"; and U S. Patent
No. 6, 301, bastly, isrthe tasedf a"lart-beude E@ﬁuﬁemeihgtpw&sﬁm%ginﬁﬁ@i%mg&ggf i be

cool e

vari oys, S..Q eneratin closed |oop gas stream y a
Fefri gert Ealﬁt%lEl gl%gts%)fg{l PSR §8Pﬁ$‘€‘gr?d\(ﬁ§?( lﬂrgwdfca'cram isrgqyiradde aslasve

ref ] Geratharof Ui e el 866 Ly f the ahiect being

Auivp? née%'gp {%t u{ae O asgié i
cooled froman initial tenperature I n e°1ang& oPPIs0P & "€ such as a
chuckSXF5E AU DEBONING ' contimnukly taplenig B Sper@kad A0 bhiRE: Stigh. devi ce.

When gt id frigeration.systeps are utilized to cool the hot
seni con%?gg%rgqﬂ%blj St"é’gm{‘%%f?@ﬁfsr eﬂ%gﬁlqrg%oi%@é@sthapmﬁTWS constraint on

t he pprssussamblow rits (ECeasMaYheat ba8HELD RE ggl wth the hot gas
that returns to the closed | oop sysatem as ?%%ééﬁﬁ})%?gﬁfx? very hot object

cool s 10059kus) Ahdther difdbatk 8 12991, 05..Si nce. t he systens
described in USP 6105, 388, USP 6.0 fjoé)% aﬁdgag,cgﬂ nHS8temsds Megncer ned wit h

the pfOYUETF¥PIBeving Giess sduate ypsils of supplying HElLBlvOLEHPES Bk Wegicdas Sour ce,

t hesefs\ed &IFBinak ' ted to and qnly address the basic refrigeration
function. Suggogg/@!t{qn(ge)ﬁSmﬁg’?eabfoﬁgihﬂé Q’Fﬁ'f‘%ngSFcl e integrated tenperature

nmodi ficati Rgceﬁlﬁg a?e L{nabl e to handl e heat exchange nedia returning froma
hot external - heat rEssgtensystems have appeared which are based on closed loop

principles. For examples, U.S. Patent No. 6,105,388, entitled “Multiple Circuit Cryogenic

Liquefaction Of Industrial Gas”; U.S. Patent No. 6,041,621 , entitled “Single Circuit
Cryogenic Liquefaction Of Industrial Gas”; and U.S. Patent No. 6,301,923, entitled
“Method For Generating A Cold Gas,” describe various methods of generating a closed

loop gas stream cooled by a refrigeration system.

In semiconductor manufacturing processes refrigeration is required to reduce the
temperature of the object being cooled from an initial temperature in the range of 250 to
300 °C such as a chuck used in processing semiconductor wafers, or any other such
device. When closed loop refrigeration systems are utilized to cool the hot semiconductor
objects, the extra heat load Imposes a serious constraint on the process as it is necessary

in such processes to deal with the hot gas that returns to the closed loop system as the
initially very hot object cools
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exchanger. Prior closed |loop refrigeration processes do not recodd AgG@is -
‘resol ve the problem of nmanaging returning gas at hi gh tenperatures.
Therefore, the arrangenent of conponents described in the prior art would
fail to function as needed for the processes just described. Industrial
processes intended for continuous running nust address the potential for

| eaks to aX¥Besrthe syriems drscslysttie STy, 108,088,081 by40per ah@6BWED2S QR per i ods

of ti . ing.the occurrence of mnor |eaks that cause a | oss of
gas. ﬁ@%gﬂgﬂ § psrg%“‘i’i@&&?f‘ﬁ“ﬁﬁ?@fgﬁaﬁ@mwblw&ﬁnmravvge prsocess that is

capabsoercof theogbteng agditdetddit8hy ofiQtadaR hals , t require the
proviaﬁ{‘:ﬁn of | arge anounts of * cgo iangmfs$g]|teé),agl'?ﬁéa?&§%§gg%&Cglgﬁhaust spent

cool FYHirms o Norosdrsultieicts integrattthtemppratut deslifietioh had aepl eni shnent  of
smal | b - at, exchange di um required.. It is
t her eﬁ?gﬁg%&%ﬁégg{t eg?rﬁﬁ ﬁ%g’ieagerﬁttu%ﬂg %Bg‘p? g‘?‘}ie&?‘%ﬁil?%?é%ih‘%p gas chiller

syst esfcharnger.eby providing a means to recirculate chilled gas and eliminate
the costly need to constantly replenish the total flow of chilled gas

suppl i ed tRridrieosed doprrefrigertsiba bkdsse ¥ ﬁﬁﬂ%lzo%g%t or rgﬁ)&&g%%r@é ¢hanger, such

as a chuck used in processi ng sem conduct or ers R device It

i s anbtTEEEHSreupg sagwd hightemperaturen Theeefaregtie arahfenerdtb@n a |iquid as a
cool i ghpoiBats HMckiBed; - \/ It is yet ot her object of the
i nvent:i on to el m %(gltng&ltg Eggre%(rﬁgﬁls@ f\%ﬁﬁ&"?’ﬁﬁ?n de‘?ﬂ%‘r@%&?“&é@uwl ate a
frostiuphdederihsd. It is yet another object of the invention to elimnate hot
gas being exhausted into the manufacturing environnment, such as a cl ean

dur | Tngudthiel gradeseust o057 392] 19 AUG 2005 It
15V, o Per ot oct ol the tnvanrror il Ik Crdos R RmEE 1 o

t enp Blopssure dhah Yglem oAy edndinhally eperate oatr lnegpericidf ligrtevex changer
W t ho@ﬂﬁngqu@éc%?ﬂeﬁcﬁﬁrﬁﬁﬁaf f%gksttkﬁgt C%E{Isﬁ‘tn%[oéf lf’ﬁg%ar efrigeration system It is

yet anot her obj ect e 1 nventi te the need for a

| ar ge- capasi npl i for mai.ntaini.ng sufficient gas pressure and
£ Ogv r atg 'g\gll%syh}hﬁ%élgﬁiél?,éegée[ng@af@ustry for ch1ll1ngiv'g process that is cap%ble orf)'

cooling an initially hot object, that does not require the provision of largé amounts of
cooling fluid, that does not exhaust spent coolant fluid to the atmosphere and that

provides for the replenishment of small quantities of make-up heat exchange medium as
required..

It is therefore an object of the invention to provide a closed-loop gas chiller
system, thereby providing a means to recirculate chilled gas and eliminate the costly need
tp constantly replenish the total flow of chilled gas supplied to the customer-installed

external heat load heat exchanger, such as a chuck used in processing semiconductor

wafers, or any such device

It is another object of the invention to use a gas rather than a liguid as a cooling

medium in a closed-loop system.

It 1s yet another object of the invention to eliminate the exhaust vent that over

time may accurnulate a frost buildup.

It is yet another object of the invention to eliminate hot gas being exhausted into

‘the manufacturing environment, such as a clean room, during the bakeout process.
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open-1 oop process, utilizing nmultiple customer-installed externall hAde 205ad
heat exchangers. It is yet another object of the invention to have an
automatic nmake up of circulating gas to replenish the gas lost in the
system due to |l eaks, to maintain the desired operating pressures on the
suction and di scharge side of a secondary |oop gas, to allow for

contract i ns getdnethpastieanf te igasntidaao han¥@d ihatpobakBodthgsrgas tenperature,
and %o pf;r)rovi de a contj nugus operation. BRI EF DESCRI PTI ‘OF THE DRAW NGS
Fi guFePPFItre gas pqhwms; fromitheghol sicstoal heatlpadchqap wchangsa pdthone,  dual

CONMPa@sily affécﬁﬁ% EMI%&S}%O&%E%@M(H Hesiy St em t hat uses a

m xed-refrigerant refrigération systemin conbination with a cl osed-| oop
gas secon j At i rdange W the invention. SUMVARY
G i | MR R- Hio ShiBkestitnd A0l ERRIIRCRE stk fprisy et Se an

i nt egrenigding jo eamtainig suffiget gas basade bodflogastestifigamlargs-swhi ch heat s
added tteor rermv%]g .f.romuﬁh %as stream as the tenperature of an object or
£ 1 ui GPEFIORPLYESY uhlzipg gpuliinly Cosipmeninsellad extanehhsas fpaddiept i ses an

i nt egketidgdegr ocess for managenent of the heat requirenents of a

sem conductor manufacturing or |like process and apparatus for the practice

of such iq{g%%ﬁwp5%%913&-1}19'{;1%}1%%?%%gﬂ%)ﬁtgﬁl%aépéggg}r)ioﬁes a three cycle

tenperature nodification regine e i “heat | oad heat
exchargelatipg gasantreplenish thagusivsemvhe spmentud ® ledigatoadaihaihinghictiamper at ur es

cool SHeEing PRIGH Ghite Snieaand iscEivas It oF 2 §andont 15 Sl 3] ¢ he
1005%%r &8Herh6tid PRI exhBnsRH fis JudtA\HEatigh %ﬁ%ﬁg%@%ﬁt&;g@{ e heat

exchanger is reduced to a tenperature int 0 --150 O0C. The
appariapyide p entimennppargiiong t he i ntegrated process conprises an ultra-Iow
tenperature, dual -conpressor, recirculating, refrigeration system which
includes a closed-1oop mxed-refrigerant primary refrigeration systemin
conbination with a closed-lIoop gas secondary refrigeration | oop. The gas
used in t BREFCDRSGRIPTIEN OFTHE DRAWINGS
Figure 1 is a schematic diagram of an ultra-low temperature, dual COMpressor,
recirculating, gas chilling system that uses a mixed-refrigerant refrigeration system in

combination with a closed-loop gas secondary refrigeration loop in accordance with the

invention.

SUMMARY OF THE INVENTION

This application describes cooling by means of an mtegrated system utilizing a
closed loop gas stream, in which heat is added to or removed from the gas stream as the

temperature of an object or fluid of interest is modified.

The present invention comprises an integrated process for management of the

heat requirements of a semiconductor manufacturing or like process and apparatus for the

practice of such integrated process.

The integrated process comprises a three cycle temperature modification regime
in which 1] an external heat load heat exchanger present in a vacuum environment is
| heated to high temperatures to remove impurities in the heat exchanger; 2] the heat

exchanger is cooled to or near ambient after removal of such impurities; and 3] the

100597-09510 [POLY 18.392] 6



loop is any dry gas with a dew point bel ow -100 C, such as hel i uthS0AUG 2005
nitrogen. Figure 1 is a schematic diagramof an ultra-|ow tenperature,

dual -conpressor, recirculating, refrigeration systemin accordance with
the invention. The refrigeration process of the primary refrigeration
system i ncltude a series of heat exchangers with a phase separator

int er pOYSH ‘HSP&EW%@W&W@ irreduced ho wseropeatupdiagRe FRPALALSH {0 150
prefef@ntially there is nore than one. In a supply flow path, refrigerant
flowing into the supply inlet of the refrigeration process feeds the first
heat excha tlet. subsequently feeds a supply inlet of the
phase se pa?gfgpr?amﬁ%%F ?gcv(\)/npéﬁﬁ]inﬁzléesmf%%%ﬂmﬁ’ﬁ% coawris¢somalitrthdaw exchanger s
whos etempgrdtate, dubsenpanidryretrasiim, f&ﬁgérgﬁ&ﬁg}{sww%c% ihlifl§ss o € refrigerant

0S¢ | s
exiti ne supply flow path of the refrigerdtion process i%a t he
refri glg?‘ga‘pnﬁ"g&ﬁg?fi}rqfﬁlﬁ%a‘itspﬂmaghqurls@gmresysm iigesmbina@smgwakpands through a

fl ow aReb®X-iod aﬂ&%bﬁcfar%l-: refyigerant. exiting the outlet of the FMD
is | og pres sgr'g e, low eér{ﬂg%?%%ﬁé’ oﬁ'e#}ﬁ%fétuﬁ?ﬂ i tbwceaqiw r¢fEgwesen - 50 and

- 150 ECPTHELFND g6t B3ibs: dehiepdindelowatho O, stck 8 Kifunt bOWBaLN of the

refrigeration process by connecting directly to a return® 1nlet of the

first of aFigmrd ki michbeatic Euehaneas ulthow (i agtlion removed by the
phasere ﬁgﬁa{i‘ator is expanded_ to | ow pre?&t%ega%&%el?%owsiﬂd is then

bl end&d i EH0S RETIBEREIOD syséeny insageerdanesewdh thef ioeitiog. f r om t he return side of
one the hefl" e%(é:hangers. A return “outlet of the |ast heat exchanger
subsequent beF B PiEPIORTSs 08 Se@ringarg réfriperaiiog s yétean idefudes B3 oput | et of

the rBédticO@abd@Ri rfpl% In.nore el aporate auto-refrigerating cascade
systens addit %or Saitd aggiseé’fa‘%‘c’sré’btslfpgf?qg‘ﬁf?%?}l heme Figusg d hovis phe

r ef r i Beasasensmatpr; poefesntially teses nbMNRY oM. SSi mer and  Forrest. 100597- 09510
[POLY 18.392] 7 1 9 AUG 2006 The refrigeration process also includes an
inl et feedimgsppbefion i gamaldwi .refrigeration. process. The
inlet feed % sec nda?f/m?lr owg?ynl et&gPét tgﬂg{hru égﬁol?l%g‘)hg‘éf‘? 8T8 eat
exchaRJ&re eulsdacBinghed) exshangaimhese cotlet dubsdq@siitlPfecl LRIy Bifet QF heat

exchangaihssd @84St A Line., The inlet and the evaporator feed |ine
provi deq::‘hﬁnct ?onal %ﬁ%%‘?ﬁgm né’F?,@é‘ﬁ“@HEe a‘gilfl?fﬁill heat exehagseramibose syst em and
t he s@vdmigabspquatlyifemsatrebiget-00Rupply line.

The refrigerant exiting the supply flow path of the refrigeration process via the
refrigerant supply line is hi gh-pressure refrigerant and expands through a flow-metering
device (FMD). The refrigerant exiting the outlet of the FMD is low pressure, low
temperature refrigerant, typically between ~50 and -150 °C. The FMD closes the loop
back to a return flow path of the refrigeration process by connecting directly to a retun
inlet of the first of a series of heat exchanges. The liquid fraction removed by the phase
separator is expanded to low pressure by another FMD and is then blended With the low-
pressure refrigerant flowing from the return side of one the heat exchangers. A return

outlet of the last heat exchanger subsequently feeds the comipressor suction line via the

return outlet of the refrigeration process.

In more elaborate auto-refri gerating cascade systems additional stages of

separation may be employed in the refrigeration process, as described by Missimer and
Forrest.

100597-09510 [POLY 18.392] 7



"All elenents of the primary refrigeration system are mechani cal | § SahUf 3005
hydraul ically connected. The primary refrigeration systemis an ultra-|ow
tenperature refrigeration system its basic operation, which is the
removal and relocation of heat, is well known in the art. It conprises a
conpressor, a condenser, a filter drier and the refrigeration process,

whi ch hasTfkfﬁefﬂﬁe@tlnalprmﬁrdl:@eimamﬂes‘dmimd@a?éeldiﬁgre%_ﬁcbhcﬂﬁyffl@vd;S)d\t‘h pressure. The

refriggh f i.ngQ- in the pl ide is progressively cooled as it passes
t hr ough msheerljlgg—gel(:)%%oﬁé’&%w&m@é g‘?egsl'ﬁﬁ%coﬁiiﬁyrf@ém@i opthedlirsesf avery col d.
ref risggecutheat txvhimgtd  LeHRANORAuABDE ofsCor Bl sfligBrpLgSsure that is

0

fed dir ctlétbackintot_he return side e refrigera n process via

t he ﬁ%ﬂi%ﬁ Pels@araas leedtlingr ansfer fromthe supply side to the return side
of the heat exchangers, and within the refrigeration process, the

refri ger antPeip the gvapesaterfead hns pbeidesfupstigaPesiphag YedREARL Via the

acti Iﬁgptrgﬁal i of heat exchangers, finally producing | ow pressure
refriqglerant gas ﬁ{éllégfsg%n (g%eég @g&s{ng‘? Alofifeesyuction line. In a

preferred ghpdi ment.. the primary refrigeration systemuses a

nonf | anmabl e,ggheﬁrqf%qﬁq%%?r%ﬁ’@k‘%fsy e me¢hanigelmand/bt end. The
seconddranlicelty t@@eatd.on | oop i ncludes a gas conpressor, preferably one
suitable for use with any dry gas with a dew point below -100 C, such as
hel i um or THY fHRAERefiEBEHED o ARY,conveni ently be a comercially
avai | abl e, r‘ecl? pr%ga?i ;%g 100%5%2250#,%%3%‘”3%?? SBreerationsyetedapr essor

or scidasicopriatiensunich Htee tinsohbagkredratiot 5ERA, fE K8 khGwE HRLESSOr i S
connegt.gd Iti%%:s%r]ﬁoielqter-coo-l er. Thg out] et of the after-cooler Teeds a
conventioRal & L PEFEat Sndenssr. & Blerdites and the reffigerfationph@eS9#hAH510 | POLY

18. 39 af irteMhaldGigetiht YRw! fih foRoligk ClodAReshleam and returns the oil to

the suction side of the conpressor. %he mass 11 ow fromthe oil separ at or,

minus the hb réfd owifiE HPR A5 QRS 1ro IS A5 SRTIET oI B Sonven ently be

a charcoal adsorber or a ecu SI eve. S L@APGEs any
r emai HFHGh Brsgaessofdfeatoixchangetsh hik rop@Esgen FREuS: RRAMoId R rber is

conn up inlet _of a recuperative heat” exchanger. A supply
out | :1?&%?1 1'# ﬁ%tgve?necgﬂpé}da_tqiﬁeChétéllglé}?’@ﬁ%‘ﬁ“g@?ﬂt jsded dmentlytback ido dre i nl et of a
converturnridk ofieatfripenkies phRals vieMeAIBS Due to the heat transfer from the

supply side to the return side of the heat exchangers, and within the refrigeration process

the refrigerant flowing in the return side is progressively warmed via the action of the

serics of heat exchangers, finally producing low-pressure refrigerant gas feeding the
compressor via the suction line.

In a preferred embodiment, the primary refrigeration system uses a

nonflammable, chlorine-free, nontoxic, mixed-refrigerant blend.

The secondary refrigeration loop includes a gas compressor, preferably one
suitable for use with any dry gas with'a dew point below —100 °C, such as helium or
nitrogen. The compressor may conveniently be a commercially available reciprocating

COMpressor, rotary compressor, screw compressor, or scroll COmMpressor.

The discharge gas stream from the compressor is connected to an after-cooler.

The outlet of the after-cooler feeds a conventional oil separator that separates the oil from

100597-09510 [POLY 18.392] ‘ 8




A heater for controlling the tenperature of the gas stream | eavi A§ Abe 2005
recuperative heat exchanger is' optionally interposed in the |ine between
the supply outlet of the recuperative heat exchanger to the inlet of the
heat exchanger. The outlet of the heat exchanger is connected to the
secondary flow path within the refrigeration process of the primary

r ef r ithpediatharge g3 strem widirehiras thelodtto thelswRyish €ide ofitHuiprtdir Opid onal heat
exchq&ggho%_ 0 tioFaI in-line electric heater the recuperative heat
exchanger o<  EB Bt ¥RaElpr s dhsopi o el olgedsamadipfsin the refrigeration
process o imary refrigeration systemvia the inlet. The evaporator

f.th
feed. line Tfl{‘a(?ﬁf‘g{:\g THY sARVGIERYY Peye pharrenh adspsbamr ganeleetlar iovearThienl et of a
USt GRBStber 18bald £9 DEdE o _exchanger tlet of th
cust GBdrber rBBbad £ %Eﬁ'fr%é\kah Qi{i’f? | Rlatﬂﬁ hRah géé%gsﬁg%fé\fnf g@g ggsg Fis © ©

customer-instal l'ed extern e oad heat € OTOLAS 1 i nl et
of . t Henpestssie rsupply ihletef sanecimngimre hebiexahigletr A suppl§.oullef &ttHEN out | et of

t he rative heat exchanger, subsequently feeds the suction side of the
conpresggga?l\(//?ge% X Fion Cpnrkied AQ an Fletpl @ conyentional HoisT-F9cded hewe ret urn

out | etxchdngthe recuperative heat exchanger to the pressure regulator it is
exposed to an optional in-line electric heater that 1is used for

control | i ng HARr ¥ PReH&I; : r e e conpressor.
DETAI LED DESCR! PTI ON it Fﬁ@%ﬁ%ﬁ%@@%ﬁ??@% fPalilg ¢ ‘gnati ¢ di agr am of

an ul TeFuRerabive hesfsackangeris ogtenallyonterpessbin, the tine betowba theng@pplyefubleger at i on
syste i rdance wt he .inventjon. The refrigeration system 100
i nclu é%ggmh %%g‘%- eggedmﬁﬂg@d?or r“?lﬁté?féﬁ? hiﬂt F¥E)eSef ri gerati on system 110
in conbinafjon with a closed-loop gas secondary refrigeration |oop 112,
100597- 093% ?‘19&‘}}] the hey sxchpgeen s gonnegtsg tosherseconsaryyflew peduwithing he

secon@ka&éfﬁg@faﬁbxgﬁroeéés%@tﬂeciﬁﬁna]rgl%?f{rji%erari% Ffs’f&ﬁ%laethq.ﬂg&. dry gas with a dew

poi nt below -100 'C, such"as h 0 rogen. gas does not condense

2L L1 OPTRL B GRS U AR SBIE S TRl RECSLT g7t on

system | 10 includes a con I ona Uf 114 that

t akeshtatenthyy weuperaivedicat yehaner asnadtbdio N KS6RRry Ho&vﬁ)am @RhinRRESSUr €,
hi gh-}e%?ngeertature as.that. is fed to,a conventi onal condenser 116, which is
the part=of 1o[n.r.péo$)eg§ﬂjé PHERFY Hénsfiinm Syemenn thonigieThe evaporatert i s rej ect ed

by cofidemnaafiofithe Pﬁﬁlahhl%ﬁ%gr attisy %%V%ﬁe&p{ooﬂﬁgle? 8{:]9 gﬁ‘s%grherl 16, it is

cooled by air or water passing throug
installed external heat load heat exchanger. '

An outlet of the customer-installed external heat load heat exchanger feeds a
return inlet of the recuperative heat exchanger via a return line. A return outlet of the
recuperative heat exchanger subsequently feeds the suction side of the COmPpIessor via a
suction line. As the gas stream flows from the return outlet of the recuperative heat
exchanger to the pressure regulator it is exposed to an optional in-line electric heater that

is used for controlling the temperature of the gas stream entering the compressor.

~ DETAILED DESCRIPTION OF THIS INVENTION

Figure 1 is a schematic diagram of an ultra-low temperature, dual-compressor,
recirculating, refrigeration system 100 in accordance with the invention. The
refrigeration system 100 includes a closed-loop mixed-refrigerant primary refrigeration

~system 110 in combination with a closed-loop gas secondary refrigeration loop 112,
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or over it. As the hot gas refrigerant cools, drops of l|iquid reflSi 4¢&2Wb
formwthin its coil, Eventually, when the gas reaches the outlet of
condenser 116, it has condensed partially; that is, liquid and vapor
"refrigerant are present. In order for condenser 116 to function correctly,
the air or water passing through or over the condenser 116 nust be cool er

t hanwhéRendlskisalisf this&boRfiarl, e Jpef 17! 8GO ALL A1Vl @iy $40.  The
COndenserIéi\%ay _sublsnequentol yar?eegg gﬂ?iliﬁ gr 3r1|9’er 11%&{%& S[ad}é%rbs system
cont with Aaiswspoigthelpvas1 9@ spch ssidincamitpgat éTtacdad sipesamal cpndanseles physi cal
filt J The refrigerant fromfilter drier 118 then feeds a supply

inl e%tat%glgeor?tmagthIPFfaEgF%ﬁdomeﬁpEFéess 122. A return outlet 124 of the
reffigeratjon. process 122 cl oses t.he | oop by connecting .back to the
suction o THEPEFRDHE tRsyEpmhld 1feigdes aepmverfipnal {EHaS#ionEyr t her nor e,

conngghgrbsic? 114 ehas tikes RIV-bicBfire FefledBY: 43S aRd EOANRAL dNBlhighkpansi on tank
128, which serves as a reservoir %hat accommodat es i ncreased refrigerant

vol upiespadigh-bynpezatarsaatiad s fadtb expaiesiioml obndeaserildér whichgathedue to

heat | . r__ex n_the imary, refrigerati,n system.110 i s off,
refr #’S"gr" ngR% pyg%ag%%iﬁg%rra"‘gg? %Pe& bﬁigﬁ%ﬁt{lgﬁ?@ti Jec }chéx‘ae“rsf”il?f’st rates an
exenpisahy hotefat ingedlattirodelndonaaner 167 it if Beolt@by hI Rk Aol PasdMPGRAFh122 s any
refri geratJ on systemor process, such as a single-refrigerant system a

mi xed? PP ges Hivthos gasrsfrigersy aegls.dsens Qfdiaaid whngsroe demewithinits aedl vi dual
st ag&\Rhwal$ asRA4R %és%£dh|9§{h%}91uﬁ@tt RhfanES116240 h?EE(? 'd’eﬁ%etd a;?a?tria ltyI ng cascade
e. or or | r I

cycle, or a Klinen cyc € purposes us on-frn this
di sclthatus,diquidemdrabon @i getrdnd aregrreees sinl2@eri for eonslenget i 16 edfunytigrsi on of an

aut o-r ef r{ll)g%grpat.i ng cascade cyc that i.s al so descri bed by Klinenko .
I

I
Al't erRHEY ,alh%a)@%tsw%élﬁ&t 8veh Sfervar ﬂﬁr?oaii%éwﬁl@st&&f%ﬁlér thaa Pol ycol d

syst afit torifing fluRUOhd SihhiGeER1denBioR354849 10 9hESSAd yogeni cs system
with single gex ansi onﬁgo%ﬁg?-(g&lg [gC]_Y 18. 3921 1(%11%@51 UG 2005 devi ce

(i . e.subgeqyenily seds afiderairieo @ bbihet adsatissystam qohtsenagy anctt asomater, JSP
5,44 ssiner_type.cycle .(i..e ., .an auto-refrigeraLjng cascade)
M ss |]Wrrlt%1 ?ﬁ%g% %r%te §?geé’§'f’§'yf§?Ylg%grphyﬂf;?lr@f{%m}' y@@e refriggrant grog} ﬁb‘?rg]-“ﬁﬁ ase

separ Hisahers ket enbupphtiléti1Q0ak h Yofribhiatisieploc@gnati on  process 122 may be
vari ations on these processes, such as described in Forrest patent

4,597, 267 AneuM &ficie4 BAME Mfriferafon E&%Z%srs%z szée%ﬁ@xodﬁ% éO%HP&{ngt ure

refrigeration process with zero, one, nore than orne “stages oOf phase
separ ackdn thegueiion $ide of bf epmprsesor fldd vieowsuctopéinal 26. eFatirmeny

| ot EHRELAR Y fie sBch IR A2k Ay 1% L paiaRESk 138, which
serves as a reservoir that accommodates increased refrigerant volume caused by
evaporation and expansion of refrigerant gas due to heating. For example, when the

primary refrigeration system 110 is off, refrigerant vapor enters the expansion tank 128,

| Figure 1 illustrates an exemplary refrigeration process 122. The refrigeration
process 122 is any refrigeration system or process, such as a single-refrigerant system, a
mixed-refrigerant system, normal refrigeration processes, an individual stage of a cascade
refrigeration processes, an auto-refrigerating cascade cycle, or a Klimenko cycle. For the
purposes of illustration in this disclosure, the refrigeration process 122 is a simplified
version of an auto-reﬁ-igerating cascade cycle that is also described by Klimenko.
Alternatively,_ however, the refrigeration process 122 may be the Polycold system (i.e.,

-auto-refrigerating cascade process), APD Cryogenics system with single expansion
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of the 1998 ASHRAE Refrigeration Handbook produced by the Americid &0gi2®6y
of Heating, Refrigeration, and Air Conditioning Engineering. In addition
to the nunber of phase separators used, the nunber of heat exchangers and
the nunber of internal throttle devices used can be increased or decreased
in various arrangenents as appropriate for the specific application. The

r ef r i dpvicat(i.ana pingleaspe L2Doblct hevily AdTBRMKe 5&JrkiRer BEPOAYSAiEM 110 incl udes
a h exc aneger?é(so, a phase separator 132, a heat "éxchanger 134, and a
heat EXCHAAJER® CYESE-cTAR Wt Migertiag gascadg Missiner patant BXeh2TDesr 134, and

t he hEHheAXECRBRGE!. laboial | at, are.well. known.in' the industry
for transferir}?ngi the hgeg?ﬁgsfe%gﬁ%rgtgﬁf&sst%wcé&f tongily, he refiigpratiohase separ at or
132 | Brogesgdd? owmythisamrintonseinl thése erateises,isieh higeistibed flforrcsGRAGAL | N t he

refri I - d. and._vapor. es. Figure 1 shows one phase separator;
homv‘g’fg,@ﬁ?é%%%a Raeitia H%?’gg%g@ Nef leydemperaturg tpfpgsratiorow pat h,

r ef r i pecesstwifhl 2xé, e dHRork AGNSIHR i - 1h refrigeration process

122 fgﬁ_gs a supply ienl et rof t he ﬁ{ea)g?é gﬂgﬁgelngeg’ra&glg% ﬁgugtﬁ%rer&rg}ﬁel et of the

gggt ﬁ %‘é‘rﬁ?&??er&ti}(ﬁ %@b@@q@ﬁhetemefaemdsefaigsriaﬁph %%11215& &ili)m@in Chﬁtmf edsepar at or
: a epar at Qr, subsequently feeds a

suppl y ihféith )cﬁ‘fg %ﬁﬁggge}aél% %&H@g?‘ﬁﬁ&a‘?uc 8_%’@{61&)? HmsgicaePogigtyofie heat

- exc hahgeimg] B4frimehmion et Ay Coaeitidnig FhpRlekring Mrelddffo xghanger 136.

t %"ﬁﬁ%f
-A sup I% outl et of tl?e heat exchanger 136 subsequentn]t?/‘%h ee se?a refrigerant
suppl §h P figPagasers “*?‘?‘F{et Sumbss phhtat exchangeys abths mppibgr 6f iawrpatironfe t he -

refri genedsheed Vi efrigerant supply line 137 is
hi gh- pr iyt f@?‘%ﬁggﬁéﬁg Oygﬁcé&le}‘g%glnvs ogﬁ%ﬁbgr‘?me?g%%\ﬁpmg?‘ieﬁ@r Hevi ce (FMD)

138. Issificappliepsioant exiting the outlet of the FMD 138 is | ow pressure,
| ow tenperature refrigerant, typically between - 50 and 150 C. The FMD 138

cl oses t heThooyiripaatiort grogess Qtzlbﬂthﬁbﬁmapﬁﬁéﬁi?&at?&{?@{eﬁ{ {{@g&ﬁﬁg@ process
122 bgeagon ecter]‘L directly to a return inlef of the heat exchanger

10059 7D §5THEBAY: 4 Bhase sepagafor)133, abest c200B2d3B4, And &hest oxdhahgat of t he
heat ex&haRges: return inlet of the heat exchanger
134. The quuia(tjé%?lgl?: iggg’?gﬁfﬁ%%gi‘%éggﬁg%hﬂ@etﬂgh’f)aéreﬁ?f@f‘gﬂ@?ﬁi%e expanded to
| ow pAedessithatisye wabkhewn (FEB)ndLSOy f&hﬁnﬁk@mghﬁéh@aa@féﬁe%lﬁa&ﬁn&% Qw metering

devi c u a capill .tubes, orifices, proportional valves wth
f eedbgﬁqz?&bﬁ%gﬁ;%’asersgg&?%oﬁ?ﬁ;{ﬁ cig R 1g Well knoyim iothe fndwatry Ref ri ger ant 1 ows

from sépardthR SR fdgelart 3iqhid®Ad vapor phases. Figure 1 shows one phase separator;

however, typically there may be more than one.

In a supply flow path, refrigerant flowing into the supply inlet 120 of the
refrigeration process 122 feeds a supply inlet of the heat exchanger 130, A supply outlet
of the heat exchanger 130 subsequently feeds a supply inlet of the phase separator 132.
A supply outlet of the phase separator 132 subsequently. feeds a supply inlet of the heat
exchanger 134. A supply outlet of the heat exchanger 134 subsequently feeds a supply
.inlet of the heat exchanger 136. A supply outlet of the heat exchanger 136 subsequently
feeds a refrigerant supply line 137. The refrigerant exiting the supply flow path of the
refrigeration process 122 via the refrigerant supply line 137 is high-pressure refrigerant
and expands through a flow-metering device (FMD) 138. The refri gerant exiting the
outlet of the FMD 138 is low pressure, low temperature refrigerant, typically between —
-50 and 150 °C. The FMD 138 closes the loop back to a return flow path of the

refrigeration process 122 by connecting directly to a return inlet of the heat exchanger
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bl ended with the low pressure refrigerant flowing fromthe returh3Ade 28
the heat - exchanger 136 to a return inlet of the heat exchanger 134. This
m xed flow feeds a return inlet of the heat exchanger 134. A return outl et
of the heat exchanger 134 subsequently feeds a return inlet of the heat
exchanger 130. A'return outlet of the heat exchanger 130 subsequently

f eeds34. he raemMUUBB SO the HEdt eR¢hahbéte 3520bskgRerntiefeb @ dfefurR uiibedf 24 of the
refrjgeration process 122. In nore el aborate auto-refrigerating cascade

syst B exaazarildhallhe ligyd Srastion epaavad byihaplasp ecnamporolA2as expanded
[ ﬁ]:a SIBRAL AR Q68HR: D) {30, ?ﬁfg%dﬁs%s%d“ﬂsﬁsaﬁﬁ&ggngege#&r rest. Finally,

ri'geration proc ncl udes an 1nle 'Ng a secondary
f | owdpatds, suchasghlapilleryntebes] géfics) mopailiosssalvk? ditheeibatk, ek ad¢0 feeds a
secondar inlet of the heat. exchanger 130. A secondary flow outlet of

. f
the Roictizg Eﬁ?\éfv}?ﬁ{?rtLaf§8“tr%lJ@3éq% piant Heys figmstbe SAHAAYS endig then et of the
heat HRKEOERER thelidd-prEssBRGRRHRIM: bR R4k 1R re?tﬁlrgtsﬁg Jred hé%ﬁc hanger 134

subsequently feeds a secondary flow inlet of t at exchanger 136. A
s ecorsehanssr 1% to arétam ioket ofthe heattexebapigantiel. M8Sméxddsthe émmtls y rétemds an

evaporat feed liine 1 he inlet 1 nd, t he evapgrator feed |line 142
pr ovi%%‘llgt ‘%?“PJ%@‘E*‘?S %’Iﬂn%%aéﬁ'i E‘g’eB‘&‘ Wétifﬁ Oﬁlﬂee 2 ?ﬁfﬁ?ﬂg‘:‘é?% SHsEaYeBHY syst em 110
and tfbels see@ftialel of efehGRERINgeN 300N rdikih dlIRE of Be HEAGKERBY 130det i |

bel ow. All elenents of the pri r[aryi refrigeration system 110 are

mech&HPearenflydpefisdhe campiessar suctpn yine dAhsieitheiretaneuet 1drof thef ri ger at i on
syst : d | {4y rature_refrigeration stemand its basic
qgﬁ%%%tl\'?ﬁ ch{]&egslz? ﬂl Wl glglpgra% Cilﬂgoéfegr(l: ratig easc 2 sys,%gms

operati he renobval an 'OrF o ea 'S well known in
t he aadtiitioRalf stages ofjsdparabbg uiag bk endpieyedie tat refripctdtiohpeodetd 10, ys ref ri gerati on
syste %1%% i,s. . summarized as follows. Hot, high-pressure gas exits the

conpr dpy Missimer pad EPEestt hr ough t he condenser 116, where it is cool ed

by air or water passing through or over it. \Wen the gas reaches the
outl et of FiRdLG8dehigsrationprodess Wasinelydercamsialet p49 faeding? saprndary a

10059450 : : ] of .liguid.,and vapor
refri g%r ?%‘%‘%#Egr ﬁeégfr%%éﬁa&ég%g?%f ﬁg‘gg?lglnf‘{déff??‘ﬁ %\%ec?rﬁdeéﬂy g%ﬁdenser 116
f | owsinldpbthgrhentexchargbet30drA escohddydds dutkn of he dsattdrehaigppl 30 si de of the
refrigerati ol? Frgcess 122, which has an internal_ refrigerant flow path from
hi gh se!:qy\;pt Yl %%If.eé;_one'ﬁ% flowripicyet habest sxahanger B4 e secopiary flomde i s
Pr ogr §g ikt ¥eink HeR¥xBLhr@s: 134 RBSRESntly feeds a secondary flow inlet of the heat

exchanger 136. A secondary flow outlet of the heat exchanger 136 subsequently feeds an

evaporator feed line 142. The inlet 140 and the evaporator feed line 142 provide

functional coupling between the primary refrigeration system 110 and the secondary

refrigeration loop 112 that is described in detail below.

All elements of the primary refrigeration system 110 are mechanically and/or

hydranlically connected.

The primary refrigeration system 110 is an ultra-low temperature refrigeration
systemn and its basic operation, which is the removal and relocation of heat, is well known
in the art. Referring to Figure 1, the operation of the primary refrigeration system 110 is
summarized as follows. Hot, high-pressure gas exits the compressor 114 and travels
through the condenser 116, where it is cooled by air or water passing through or over it.

- When the gas reaches the outlet of the condenser 1186, it has condensed partially and is a
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t hrough first the heat exchanger 130, then the heat exchanger 134, AuG 2005
finally through the heat exchanger 136. This progression produces
ultra-low tenperature refrigerant, typically between -50 and -150 C, at

| ow pressure that is fed directly back into the return side of the
refrigeration process 122 via the FMD 138. Due to the heat transfer from

the snipryoBliqied &l $Apr Fediti LérintS ITHS li%ﬁicf%?ﬁl Vipet reBXERAN YRR IR0, 134, and 136

within the refrigeration process 122 e -refrigerant owng in the

r et urAndsngR 118 flomwsghroush thel fiter daenbl aridahem Geeds thesnpply sidero§thet he heat

exchabgek b er.134, and finpally t heat exchanger
130. Igzk?iﬁaﬁa?lgl?pﬁotﬁg&ﬁoz\?\ﬂhgpggg%?gﬁ(rﬁ{g&{r’}l g %?fa%gl Wfpélg‘ti@o‘flﬂﬁgh E’ﬁﬂ’ﬁ’r essor 114

vi a tpesseec ThoreftigerantlPGwing fin thepupplersideds proyadkiveRicooled s PrjasRE y

r ef rhﬁﬁ%égﬁ on system %}10 uses a nonfl anunabl e, chlorine-free, nontoxic,

i xe g fhetcabpishangen 280, thernste fapicechapeei by, and fimalbifhiughahd ow
t e aical e arlglr 036, s SRt BH T AR AL MRS SLERR By ReRERRS, OF var | ous

configurations, such as a m xed-refrigerant system an -refrigerating
cascdyeicacbaween -3 anderlk0 °Cyatl lew poessareshatds fedabupatigbark idevhee system The

nonf | I hl ori ne-free t oxjic, .M -refrigerant blends are

dgscr‘?’gﬁgggfiﬁbfﬁ@m rgS’(?PSPBF?zEFSS_;@gl‘i‘%‘A’FiF&Ebﬁgaé)Pﬁﬁ, af i Jul y 1, 2001.
W t h fenthagipply sidd @neeeturh Qideioddictheht eldA8nSRCLRNABY, A8HBEIEAL T On | oop 112
i ncl u‘ges a gas conpressor 144 that takes |ow pressure gas and conpresses it

: f refgeeraden rrocess JRA2 ¢ thapdrigerantdlayeing imihe reformsidsisprogrdssiviety pr ef er abl y

to hi

one Lt r i dr as,w t.h dew poi,nt below -100 C, such
as hZTJI um ovﬁa J(;1}{61'{‘]?0 g‘grg%f.ms%@ﬁ%%%%%r“%ﬁﬁl#ﬁ%}’eﬁmgﬁ g’fﬁhla?gaﬁiig’ Bdmercial l y
avai | fuplly the héegp eocahperd 30CBIRRIE SEOIow-probsiky reOFREif $8Ofeed SHEW CONPT essor,
or scroll co ssQr, one exanple being a scroll conpressor nmanufactured
by CoffePRifitFe {‘E}S‘Fé}ﬁ%ﬁtlﬁ%hﬂ“eg&i bed in Wtherstone, et al., US. Patent
No. 6,017,205. These conpressors are oil lubricated and renoval of oil
from the gHs?Riefeseshembogdinggntsthe primaspefizesstionsestgodlil§msesD0597- 09510 [ POLY

18. 39 h I I s _strea romthe. c ressor 144
feedsgaél}] a t%léggloﬁrgffie}g?‘ﬂ%@&qﬁ%gg{c ﬁggﬂ}lﬁsr%ﬁfhatﬁ Pgléag’éﬁ g’ggﬁﬁ

wat er witbahediriieat teenpehung diroftlercycRireft gegitiohgyht@alor pfoce&UTRARSS On from the
corrpre%ired as that is exiting the conpressor 144. The outlet of the

“af t er “UBHUEFIOPRSUER aYR mix s {resrant Rysterp, an asgreafagertinei@seadacydepar at es t he

oi | T KBémédK® cycle, or a single expansion device system. The nonflammable, chlorine-free,

nontoxic, mixed-refrigerant blends are described in U.S. Provisional Application #
60/214,562 filed July 1, 2001.

With continuing reference to Figure 1, the secondary refrigeration loop 112
' | includes a gas compressor 144 that takes low-pressure gas and compresses it to high-
pressure, high-temperature gas. The compressor 144 is preferably one suitable for use
.with any dry gas with a dew point below —100 °C, such as helium or nitrogen.
Compressor 144 may conveniently be a commercially available reciprocating
COmPressor, rotary COmpressor, screw compressor, or scroll compressor, one example
being a scroll compressor manufactured by Copeland Corporation as described in
Wetherstone, et al., U.S. Patent No. 6,017,205. These compressors are oil lubricated and

. removal of oi] from the gas stream is a critical aspect of the design.
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di scharge gas streamand returns the oil to the suction side of fifeAUG 2005 -
conpressor 144. The nmass flow fromthe oil separator 148, mnus the oil
renoved, feeds an adsorber 150. The adsorber 150 may conveniently be a
charcoal adsorber or a nolecular sieve originally designed for helium but
whi ch was found to work well for nitrogen in this application. The

adsor ber 1B disthanegasSyedne KB the GoﬂnPfé@ﬁﬁ 1l £QId5 oh AatNG AL SGRange 9as
stream such t heit_the as streamexiting the adsorber 150 is very clean.
Mor e '8 BEETYIREaNg\pIir-cookid gsiwaterinetadtheat ¢xshangsy & removing thk bahaf ge” gas st ream
i's breyhedrbsston 1 ) yal ue, which ¢ be low as 1.0 -
10.0 1ggrts per égil%lﬂlﬂgl on %%’?é g%)sr%hﬁtg\lsl\g}rﬂ.\[lﬁg k}i}ae,cgflg)éﬁssﬁragﬂsﬁ@a‘?ﬂ?gk? s the

ads or e aftesepolerd 46 dtrsle guentdnyiofidadisscparatop A4y tHald képlarat€ tha of | SFosRglecat | ve heat
exchangal, k24 V\Qi ch 45 a hﬁgt .exchanger device that is well known in the
i ndust ry Forot ALY 874 femgmt e oildedhoictem side bE therrempressembtdndihe A suppl y
out | etz ldvn ofeeUBRSESAS: IR miRKCRARAGLmITA, FIADLPRELANANLY | eeds an

inlet of a conventional water-cool ed heat exéhanger t he gas stream
flows fronThdgissiHPl¥o AUl 6 r tive heat exchanger 152 to the
inlet of the heat exchan%gr Vf%enlhp%Fs?%g’%[%?{gﬁdgﬁr@ere‘?{ﬁb@ggc{ﬁﬁr ﬁ%“aft er 154 for

cont r 9NENHY dasigned fpydelinmrtet ohidtheasfasnd to eado welBfor Afirdgd ik @G4IPEr at i ve heat

excha . tion eater 154 is_a conventional in-line electric

heat e%%ﬁ%ﬁ%?]{éirshe(%%ém%ﬁ% RN Y Y Iy R gs o Coihphihy disthergegad et of the
heat exahgegdr thiGifie bhefrehRedstind e tRopd L e

refri ezfglti on pro_czgs 1_282 of %nhg; p??%qrgg sr\féégygﬁlfiogio‘?%%{;g‘%taﬁ%o via the
i nl et . Coprendiatipn hayelinttho dischange gstsirearnlis hreaghtes dieanmenuk56 and opti onal
in-ligpg I . 1541t he s leaves the, recuperative heat exchanger
152 an dertgﬂﬁllg S\lalélg’gvé}su%? g%ﬁd L %(S.) %od”é?‘ilﬁﬁ I‘o\ﬁ‘@ﬁ?‘% RAF SH{“PP gﬂﬁ@)l{’éflﬁ"f’@er ation
process 12 he primary.refrigeratjon system 110 via the inlet 140. The
evapor at or %P gfglgglf gaﬁr‘gmfﬁ‘? e}{(}tafhetarc}gorb?q 130rand sabseppaytiyt feesls 2 swpplyéniel 10

conneof srdcapattivehedt exthadoes 81 QURER i (] Lpad heat
exchanger . 158. 1005%7-313%10_[%_\( f%%%%ﬁgﬂf%?}géﬂ%ldﬁ%&ﬂghe

cust offBYYR Hsg indvgtng fardranaferringthe heaiof heasubstobamgenthith8Aisapglyext er nal  heat
| oad B ¥ha yv.surface to be cooled, such as _a wafer chuck. An
ext er ngﬁétﬁgat %&tﬁ%ggﬁg% %ﬁargfszrtg?%?%uqnﬁhﬁgeteﬂ%?‘Frﬁ’lleti"ﬁtﬂerface from whi ch
heat icenvestrona avafaranvlRa heat exchanger 156.

As the gas stream flows from the supply outlet of the recuperative heat exchanger
152 to the inlet of the heat exchanger 156 it is optionally exposed to heater 154 for
controlling the temperature of fhe gas stream leaving the recuperative heat exchanger
152. Optional heater 154 is a conventional in-line electric heater, such as one
manufactured by the Omega Company. The outlet of the heat exchanger 156 then feeds

the secondary flow path within the refri geration process 122 of the primary refrigeration
system 110 via the inlet 140.

In systems without the optional heat exchanger 156 and optional in-line electric
heater 154 the gas leaves the recuperative heat exchanger 152 and then feeds the
secondary flow path within the refrigeration process 122 of the primary refrigeration
system 110 via the inlet 140. The evaporator feed line 142 from the primary refrigeration

system 110 connects to an inlet of a customer-installed external heat load heat exchanger
-158. '
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object or fluid and transferred to a cooling nedia. In sone case$ StAlG 2005 -
object cooled is a netallic elenent. The source of heat for this netallic
el enent could be a plasna deposition process or other physical vapor
deposition processes, a fluid flow ng over the netallic elenent, or
electric hegt, or the initial tenperature of the netallic elenent. In
practi ce, ?ﬂ?scéls‘i?m‘é‘&?éalﬁéﬁ“%@ﬁlh@%éoatbl)eab@:qhaamrlss ia sk¥maPKdak nat i on.

~ Furt hévad HeBexchii &84k be made of. metal. The onl

requi renent s ar?gt%ﬁgart thesgfé;{r%eq%téag%gbmcggsgﬁaéerggw? iﬁﬁéﬁter@ﬂ{?ﬁe. cl osed
| oop {88 hephxeharigsr tofis oak termaldaterEe6HWhich REAY 18,304 2dgayat e f1ow

pat h, Jcient thermal interface with the object being cooled to
suppor tgjégtegtﬁl{ﬂrl %%(g?%qstf%ﬁedttﬂé‘ CP@EW mgdiar dn somepasoytHeatbjat cadied is a

cust ommtatlio siealehe drivdoarRak hBRaL: L1 EXGhan 158 feeds a return
inlet ,of the recuperative heat e&cﬁgﬂ%t?ﬁi@f ?}]itﬁo"ggr%&a #™4 ne 160. The

refri GERTHION RIGEHSE 9T efher phesigrinvapbnésposition peddengs, Oflil Flowas SVRNpd NSt al | ed

eXter'ﬂi’étalh@@fenieﬁﬁgrEﬁ%@t}ichgéc{)‘%?l ir]{iti:{l% are insulated |lines; such as vacuum

jacketed |ines. return out Hemperaugs ek the mesallie glemsrc Hanger 152

subs e ftAsties, fhdse edsousHeasittitded fhasi i 144 via a suction
T Dy obacog | hacibukicd a1 Prént i RIRBARAGK Fdfier e 2

i ne .. Disposed in se
recup é kg-éf t ?Pé’?eﬁletﬁ'leg é‘?@?‘%‘ﬁ@‘& offgetaly fhetanly cgnipereasotred theclamsHct | on

accunpraidy safedtntain@ent JF ently, feeds an_optional conventional
pressure regul at or 168, ?tlse(fsiﬁ%ﬁga gagt%ggﬁf? YBuelly upderimessuigt ur n out | et of

the r QK& &t 2dpauate Bowepatth and euffitmat therr N enieF eSSy r or 168 it is
exposedokft Q%ihoqzl ifg-l i Be el ectric heater 16%ﬁm§%%é£§%§éd for
controll1ng g SHPEPRE ST & '8¢ radHEedjede. st r eam entering the conpressor 144,
The suction,_ac # tor tank 162 is a conventional suction accurul ator that
danmpens an;r‘}“b?"gggg © FriemEanseHed enienalchagtbad destickyhangei B8 folds 4 her eby

m ni miratiginie 85 the, ; i at | he suction side of the conpressor
144, "The opt 1 onar hanrionvefed Broedfed st 4 F i %6 6Dy e rafieernet heat or

such &4PRixded mjumHiaeOmegactGenp anycustdnsRligagi ék?%rﬂfllhtl:&%a gse outlet is
a fi P

conneglk uction.line 164, serves as ort for charging the
-secondaéri‘g/&nkée}flﬁélggaéef%?lﬁ‘?glllﬂ?S% S§aas vaguyrn faskelg linke 4 ottemooutiet vfthwe 170 is

connectgetativahgd sxcHaté&a 56 inlet aof a.sol enoid valve 172,
10059709510 u{cpo_vxls.%gz] ?gﬂsfa‘g%ﬁ%)fifd?@b%m\ﬁﬁ?’&ﬂ%f@ﬁCBB’PF%W el ement,

i's conitedttisueBor Hee 164 vPispored i sariee in theeuetivnl 1fe 164 tehfeelgid  ©Xxchanger 156
and tb&ubgﬂaﬁifeﬁeﬂa(?e%haﬁgeer1r5‘ifa£&ﬂlerati on process 122. The optional solenoid

€ compressor 144 is a suction accumulator tank
162 that subsequently feeds an optional conventional pressure regulator 168. As the gas
stream flows from the return outlet of the recuperative heat exchanger 152 to the pressure

regulator 168 it is exposed to an optional in-line electric heater 166 that is used for

controlling the temperature of the gas stream entering the compressor 144.

The suction accumulator tank 162 is a conventional suction accumulator that
dampens any pressure fluctuations due to gas density variation, thereby minimizing the
Ppressure variation on the suction side of the compressor 144. The optional heater 166 is a

conventional electric in-line heater such as made by the Omega Company

A solenoid valve 170, whose outlet is connected to the suction line 164, serves as

a fill port for charging the secondary refrigeration loop 112. An inlet of the solenoid

Vvalve 170 is connected to a gas source (not shown). An inlet of a solenoid valve 172
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val ve 172 serves as a venting port for the secondary refrigerati 8% Ab&3005
112. The solenoid valve 170 and the optional solenoid valve 172 are
conventional solenoid on/off valves, such as Sporlan valves. A
conventional pressure switch (PS) 174 is disposed at the supply outlet of
the recuperative heat exchanger 152, a conventional PS 178 is disposed at
t he whickts af ojitiogal deneiteis onnebdd to @ DRV ;a8 Bktween MNGutRaf tht ARREr at ur e
switch gTS) ggo i s di sposed downstream of the heater 154, and an optional
convethrRgsat Sorand g mlgt M00] shevefrigrmaian proesss $22.t Rhe priiane} sol@®id Except f or

t he A GiE : . Se y iLgeration | oop
117 PETEIS oS PR porPios U STy Rl bR OERBR TP TREMRRI S0 T ¢ e
art valv¢ 1ZHbadetbe apidottah adlerid valve 8172 saf @hyertionalbiolenpitbdn/sfiealks, provi des
controcil tS% elnd rlecei ves feedback from a plurality of control devices

di spo&adS SRPEM ¥YRe refrigerati on system 100, such as pressure and
tenperature swtches. The PS .174, the PS 178, the TS 180, and the TS 182
are exanpleOnyentopatprassyre svdtchiBRbl 4 is dispragdent Hhesupabioudiehef the ensi ng

devi hEROSRH MLk ﬁ% i } i are for

Si m?ﬁ?%ﬁnot g?\own eﬁll%iﬂgauéoglfv%tg%rﬁg%% S?SEE}S@M%%%%%%? {2@#3’2 Fhr'iz’g the PS 174,
and cemprep®r 148, angpionsigonedntipngnempativcabviycho@ish ¢ 80 &diispelsed eas t enperature
sSwi t ghes i ncluding t TS 180 and the TS 18 re typically thermally
couplBY e B b (Yand e sneinehsony enirgls B difeai 100, The

cont elvastidagMotthehepatrgsl / safety circuit are electrical in nature.

Li kewi se, the feedback fromthe various sensing devices to the

control / saxb 167 thé Wrbpdratu! s%(ittcﬁj:scgil e.eﬂ)e%?stéf{tﬁ? sec (%]a:?grf%hgé&[ﬂi&ed the

refrigeration system conponents and their relations one" anot her, we
now deercti2yae nreghaperlytandior bjdratlecaily sbemctelhe refri gerati on system 100 is
characterized by three nodes of operation: (lI) Normal cooling node - in

whi ch t he These skilied inrthé ar véld appreeinRahathedhtrolady bealit @scirRgsr 158 is
cool ed cgnti nuo S|Z 0 a tenperature of between -80 and - 150 C,
100597 G810 POryandresy ves feedbpok jrom, 2 plisalitypf comtegl devicesdisosed i n whi ch t he

o RS o 2o g i BUEBRRRS T bt v 2 o
174, the PS 178, the TS 180, and the TS 182 are examples of such devices. However,
there are many other sensing devices disposed within the refrigeration system 100, which
are for simplicity not shown in Figure 1. Pressure switches, including the PS 174, and
the PS 178, are typically pneumatically connected, whereas temperature switches,
including the TS 180 and the TS 182, are typically thermally coupled to the flow lines
within the refrigeration system 100. The controls from the control/safety circuit are

clectrical in nature. Likewise, the feedback from the various sensing devices to the

controV/safety circuit is electrical in nature.

Having described the refrigeration system components and their relationship to

one another, we now describe the operation of the system. The refrigeration system 100 is

characterized by three modes of operation:

(1) Normmal cooling mode - in which the customer-installed external heat

load heat exchanger 158 is cooled continuously to a temperature of between —80 and —
150 °C;
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+350 C. and (3) Post-bake cooling nmode - in which the custoner-i %8t &UG 25 -
external heat |oad heat exchanger 158 is gradually cooled fromthe bakeout
tenperature to the normal cooling node tenperature of between -80 and - 150
C. Normal cooling node: Wth reference to Figure 1, the secondary
refrigeration loop 112 is initially charged via a gas source (not shown)

feeding ti® sol erBil@dovahyg Ji?x@vhic%ﬂ@%ﬁst@ﬂi&—%tﬁl%@@ﬁtehﬁ?Féé{%zido& pide of the
conpreaégr ]ﬁg,after passi ng through the pressure regul ator 168. The PS
178 SEH2BECTIRE igheated va a heater ot shoam) ¢ a tamepepatersfibetweeag0ftand 168 and
cont hakgethggsol enoi d valve 170. \Wen the pressure reaches the set value
of the PS 178 the solenoid valve 170 cl oses. The pressure regul ator 168

ensures t ac ' esired pressur t the suctign side of the

conpr esso?fﬁM isl%stt'%l e 'élég"%fcglt %Wﬁ%@?@&swﬁ%@ PHemabiRdt essor 144
to aldidichteghanee $58iisqridially icSoled ik bikdoit fehfpef A0 e Qo © 400 psi,
wher e t.ggﬁrg&ssure limt is determ ned boy the connecting lines of the

cust &M afepgratyie of hetvera a0 paskdl 96K exchanger 158. A main  design
consideration is that the conpression ratio for the conpressor 144 is
properly matched for the gas being punped so that excessive discharge
tenperatures in the conpressor 144 are avoided. The hi gh-pressure gas
stream f | G¥gmfal epplingenadenpV 8k seferctdeitot Righitect, dlid @teowdagy Bfrigedfon Whi ch

b N -T. t .heat of i f th d t hat
o o BhiF T ¥ TR SRk il S Rhs SR Fovey esdigibe enat paanize o
t enpewladsaioatiétypideahd suctibe e 8Nt oRpeksd S 1Q4fa|kt@5\}§£9iin% it}ﬁ%%;%ﬁ g heat of

(0] Clrcul a

conpressi on may al so be renoved by an oil ng through the
af t erPeSBICapulator 168 cTlpRS £7% scunssithe gad prossuret Upstreagh of the poédsuepar at or 148

and t I I. ve Yohemaining traces of oil in the gas
st rea%&l?%ﬁ%é? o %lsgtggkog ?oég%a V%%?‘?’i Wé‘efqﬁ?ee 158%8?%"8?&?38‘? €lyvery clean.
The geduestfitbafts tifg theevolenbil e IRICIIGRE.AThY BrefiRdd regBKERABIhsuta2 t hat

pr ovitges furt h%aecf?ol isglgezt o the gas streamvia the cold gas returning
1005974 5T HEIrs RisssgRat the suctign gide of eopsessemistdcs staameined.nst al | ed
external heat | oad heat exchanger 158. As a result, the gas streamexiting
the suppl ylB#3sdt conpresied viscthp epmpiessor Addito edisthangrepredsiia: that isypi cal | y

typically in the range of 100 to 400 psi, where the pressure limit is determined by the
connecting lines of the customer-installed external heat load heat exchanger 158. A main
design consideration is that the compression ratio for the compressor 144 is properly

matched for the gas being pumped so that excessive discharge temperatures in the

compressor 144 are avoided.

The high-pressure gas stream flows from the compressor 144 to the afier-cooler
146, which subsequently removes the heat of compression from the compressed gas that
is exiting the compressor 144, thereby cooling the gas stream to a temperature typically
between 25 and 40 °C. In addition, the heat of compression may also be removed by an
oil flow circulating through the after-cooler 146.

The gas stream then flows through the oil separator 148 and the adsorber 150,
which remove any remaining traces of oil in the gas stream, such that the gas streamn
exiting the adsorber 150 is very clean. The gas stream then enters the recuperative heat

_exchanger 152 that provides further cooling to the gas stream via the cold gas returning
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between -30 and +30 C. The optional heater 154 installed downstr d8ABE 200e
recuperative heat exchanger 152 ensures the tenperature of the gas entering
the optional heat exchanger 156 is warm enough not to freeze the water
circulating on the other side of the heat exchanger 156. The gas stream
then flows into the refrigeration process 122 of the primary refrigeration

syst o 10e eusemeeriinstaliedpxagn $8itd6ddh@oot@dni® 181 M3 QWit gpgat ures via

the s dary flow path of first the heat exchanger 130, then the heat
exc ha%%gl?l e%é%‘,g th’ﬁ &‘PDP?X H‘&fqt 9T heaeqnpsratisg beniwyerangaol S2tib epitjlyexi ti ng t he

refrigewadn B0 REOSOSE. %O‘biti@nél%ateﬁé%no@éﬁﬁ%gé eed |i ncﬁ,é%42 havi ng been

cooled to a tenperature of between - EBUFATOIM o gas then enters
the ciSiRsEPeihaatexchagoekiemsaies teatmberathrbiofthe @4€ BRABERS the bpBoad Pr oceeds

to fl Al .custoner-jnstall ed external heat |oad heat exchanger
158 V@gt é&%‘?%%é?ggﬁ‘ﬁe o pst ’Pé%‘??z% Vaterpircylating pothe ether sde

t enpedighehentiesclmapiresgd. Due to the flowing action within the
custoner-installed external heat |oad heat exchanger 158, heat is

transf err etihd gastsbreart Ghdh HRSs AR tht he.,cust omer -instal | ed
ext er_ngl. heat | oad heat exclhangerrémi %gg%%%ggsgg&géﬁmefrgﬂ?r?’s t he

cust BSIHINYFleE Hlrwhanalt ifhpragrestively chelatl texiohdogeemp&Buals va t €MPEr at ur e

of be < - C. .The gas. stre then enters the return side of
t he rgl\gﬁgéebrn giﬁf}v@%ﬂ%‘?‘%@?{ﬁ%gﬁg&?‘gﬁé@g# ﬂg'}’é e et grehangeiol34ngnd o t he
suppl finglydbe hett ereninganied, ﬂl’é@%?exﬁ)ﬁg%‘ﬁeﬁ?g%}aﬁo}l? ‘chﬁn {d,opi ng in the
return m%g g.f dtelg(? recuperati ve heat exchanger é I's warnmed by picking up
t he hEFPOTETde%iRa\A2 haxingihern pededioratepsrahirons bgwicen t8ktesupploy. si de of
the recupgrative heat exchanger 152. As a result, the gas |eaving the
recuper at i VBISKgkkgas ghenrratagethe TESompdinstatisd axtemial Yeaf Rdihagt 6xh@ar%€f3t ion side
t he suction

of th P vi:a.the uction accunul ator tank 162 an

line 526:2 i's r§§e%g5 %Oéﬁn%erw é&lllﬂ‘ Q]e3P§%FMWﬁ?‘£BXte’é‘ﬁhheﬁSb’aé:_heqtrﬁécg@gelf | owi ng in
the s Viera predegeribded Sov patdhe suchahdrad; & he control
of TS£)18§9 {.h%zﬁ)‘;ien*gcer at urg thatucsati sf i"g%“%’rﬁgrfigﬁgh‘?‘f’?%gﬁ? %éerl%glr?yesé‘of t he

conpr 5§ tomeeidhin thegusiomer-instalied nxsimibhed ldddeheansmphanger 144 is

10 e R GRC0 Be  orcBb Brrsd ©
seconBgatyoaddent grehatgeoh5s anisubicubiyt S tRPEI R Sndtil1A b @A Feho0P
fashi gy hteg'tee&gl?%ger 158 at a temperature of between —30 and —140 °C.

The gas stream then enters the retum side of the recuperative héat exchanger 152,
thereby providing cooling to the supply side, as mentioned above. By contrast, this gas
flowing in the return side of the recuperative heat exchanger 152 is warmed by picking
up the heat rejected by the high-pressure gas flowing in the supply side of the
recuperative heat exchanger 152. As a result, the gas leaving the recuperative heat
exchanger 152 and subsequently feeding the suction side of the compressor 144 via the

suction accumulator tank 162 and the suction line 164 is at a temperature of between —40
and +50 °C. |

The gas flowing in the suction line 164 is further warmed by the heater 166 under
the control of TS 182 to a temperature that satisfies the mput requirements of the
compressor 144. The pressure at the suction side of the compressor 144 is typically

‘between 2 and 100 psi, it is important that this pressure not drop below zero psi. The
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recirculating the full volune of refrigerant gas. Bakeou t node: 1 $rAUG 2005
primary refrigeration system 110 and the secondary refrigeration |oop 112
are turned off by deactivating the conpressor 114 and the conpressor 144,
respectively. As a result, there is no gas flow during the bakeout node.
During ba eout mode the custoner-installed external heat |oad heat
exchangé&r %Seﬁr@emﬁ%ﬂm N24s thuleptreting mot clesedvib)p F8hidnt @eREYat ure bet ween

+50 anpgkirtaR8 hake, G Jln m)de Upon conpl etion of the bakeout
process, thengms??ggrtg?- |nsta %Ser nal heat | oad heat exchanger 158 nust
‘be restoregf deﬁﬁ era re.of up to +350 Cto its nornmal cold

t enper at ur raéog§y§1%(5|lap>an@§1e sperysliatl e wi t hout

experlrmgenagomhmprl&haﬁd"lﬁﬁ{édo'fpb o ARolihd & piod, refrigerant
gas is &pr%ed t hrough t he CUStO}?I’EI‘a-I nst Fedmg %SPﬁgw%‘g Ioad heat

exchaffj 53 184, resnectiuglynds priesudiothereis siorzad ﬂéwcdunhg ehesinkemidanyde.

refrlgm IHRedPRR I: ressor 114 of the primary
refri errg{gl onesyst g%&%lc Sérogxrr%lnﬁlgsdﬁ(;epfexgeyaﬁﬁ‘m apexchapgsr 158 al | ed
ext er Watiehaita hat (e ahoexyabangaperihe wdwk‘,ern%o geisoeece thermal  shock
due to sudden exposure to the ultra-low tenperatures produced by the

MM_L
ELISPE%&%{L& ?@eﬁgg gxt efr\élnﬁ(;lt heirs&r?%g%o@?@g%eﬁgﬁﬂé%%gghgﬁiﬁu{rﬂg secondary

refrigé e‘iti(zado*rﬂayexcba%aer 458 mptsbeanesme:d fodm bédgherempedQirand +300 C. .

I ni ti @fhuto -850 ¢ PRy Al avin e custoner- jnstalled
ext er nal rsh%at Io’%d heat ex énlg)erz%@ qf © eeﬁ gﬁtoas P3E pasrapidly #ver tine

this ppwmtmnmmng;mbmmmem SHmiOHIBRAOMh AL o0 of the gas
p

eci’'fically, the

flow n secon frigeration | oop 112.
hot gas rge{ %asﬁﬁpWB?fﬁ"%/@ggﬁgft ostomarrisstalideattasnal deatdbacieat | oad heat
exc hamgemmgaslsss;mgb%g the E&ﬁﬁfegs%ﬁl 9&{)8{?{ % Sec %g@%liygé&,fgm%%a égi,?,éﬂtzgfl Lgehggf‘t

rejected by the hot gas 1s pic
exc haﬁﬁ‘é‘@{)wbe C%Klpféﬁﬂ@r &bt of @:rpamtpmngee@n@ fyert 110 ehQids SMRe Riur e of

hi gh- ng .t he cuper ative heat exchanger 152 could rise
above fi%%u':s\él{rﬁ%rﬁﬁs;ta]? erﬁ%ltch@%tslﬁ?fgh‘?ag S¥qhangrs A 58 palnot fmpsngms thrmelm

@nseqhaﬁdmtomh@d@rﬁ( 6ed toltBahRi-14w4 ring the post-bake
cool i n%@gggaglfand the o b pt i or?al eaat ex%‘hl %%@?&Pg%&fcg 8 e\/pé-?‘é 100597- 09510

[ POLY n §gstgmd 1 m Thegaseossppbied tathe cusomerinstaled alibad 1%t er nal  heat
| oad heat héx eNMING: 1588y i s%gond%ry re?ngeratmn loop 112 only is at a temperature

of between +30 and +300 °C. Initially, the temperature of the gas leaving the customer-

“installed external heat load heat exchanger 158 is as high as +350 °C but over time this

temperature is gradually reduced due to the cooling action of the gas flowing in the
secondary refrigeration loop 112.

More specifically, the hot gas retuming from the customer-installed external heat
load heat exchanger 158 is cooled in the recuperative heat exchanger 152, as the heat
| rejected by the hot gas is picked up by the counter flow gas entering heat exchanger 152
at ambient temperature. As a result, the temperature of high-pressure gas leaving the
recuperative heat exchanger 152 could rise above 100 °C; thus it is necessary to further
cool this gas stream, Consequently, the optional heater 154 is deactivated during the

post-bake cooling mode and the optional heat exchanger 156 is activated.
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bet ween anbi ent and +50 C the primary refrigeration system 110 i 4 S Av&@¥®5on
by activating the conpressor 114, thereby further cooling the gas entering
the custoner- installed external heat |oad heat exchanger 158 to the nornal
operating tenperature of between -80 to -150 C. During the post-bake

cooling node it may be necessary to control the tenperature differences of

the two g&@mncsHeamRBnRs-iiNalcaeK e AbiMSad1Rat cRHGHARISE iéléﬁxl dHpnce the gas
flowrate in each of the streans affects the tenperature |?ference bet ween

each PERYesR Ambignhand $H0¥F thearnayy refsigenten sxaterhd 1€ sriurstilosdyby havi ng

di ff @riip; %&}nﬂw 1 the two streans within the
recuperlat in\g/e heat %S%c g%‘glggbr%g&aﬂ rm‘}é’\‘/’nghler%aae (CgRR 19 FSP™Ly st em t hese

two finstalledaxtsna heatilodidicantichasgiabs tolihe mefBilRpet-AnatdthRySuf dEaNs to

contr, t he nperature differences of the two gas streans of the
recuﬁ’%#%?eflfébﬁ%égo g:changer 152, a way to create an inbal anced flow rate
bet ween t two. streans has. been provided in accordance with the
‘i nvent i on.PYHE the Bostbakecoqlinganeds itmap hemegessang to cantop edemperatueat

S D B B R SIS, "

streamafter it lea Xchanger
I n t Hiow wdg/intdach ofjths sirsarescinffitest thd ténmumutiiaditfeghcdb@se eachls@vars! r eam and

cons ntly.not.returned to the secondary refrigeration |oop 112, thereby
cr eatqu %gem:f %ﬁ%ql Shenfea bBé?P%‘éu‘PdtbrYeh@U’fSpﬁ’;feﬂ%@Srf&%ﬁﬁesﬁnGéchﬁf the | oop. .
Typi ahe bye sttdahs Wik BRSreb@feesive hl@&t%xel%?elaléf%»ﬁ‘%ghﬁ?%%os&?—ﬁoo few

mnutes. A loss of gas due to venting IS insigni y conpared to an
open-3Y&'§P thespdwefow ratesrateinhesnite equal h&hérofoad, ty athieet # ineardfsltow const ant  at

the s I L f 1 conpressor 144 the unt of gas vented nust be
made é&%&%%&é&%&%&&pﬁﬁ%ﬁe@g}% BRF eeas ﬁ%eaﬁ%c@ggg‘?cﬁﬁerﬁ“ﬁ‘é‘% bethe gas pressure
upst reahugfr 15 aprase itd agiuial@eed A8vhag bbAldetthe éa%'s@eel?ﬁ&ﬁ set val ue and
subseguent I\){ openi ng the sol enoid valve 170 and letting resh gas enter

the seCOREANIEdBREPGdNseMEh thedyention. Thwefléw estesiinlcaclystofamvefithe ng part of
the f i L node al | he maxi t enper at ure
of thltae@%b;;ggﬁtlfeafgti %‘Sﬂmﬁﬁiiiﬁc b VR By vipting part o} i bSBarestus Y bo |1 ai ted.

| n angtreaf afiveittibaver thefeatdichangep 86 viathesganidvass e BitnkRayshction 1ine
164 ipn the S6c9 gar%eﬁlefri geration |loop 112 is continuously nonitored and

in t hE2Sdy SAUSFd JogLtte highepresyttiow seam prtgopsapiertip potaeung:dAa the2005

secondary refrigeration loop 112, thereby creating a flow imbalance between the supply
and return side of the loop. Typically, this process takes place once a week and lasts for a

few minutes. A loss of gas due to venting is insignificantly compared to an open-loop
system.

In order to keep the total volumetric flow constant at the suction inlet of the |
compressor 144 the amount of gas vented must be made up. This is accomplished by the
PS 178 sensing that the gas pressure upstream of the pressure regulator 168 has fallen
_below its set value and subsequently opening the solenoid valve 170 and letting fresh gas
enter the secondary refrigeration loop 112. The'ﬂexibility of venting part of the flow

during the post-bake cooling mode allows the maximum temperature of the gas entering

the suction inlet of the compressor 114 to be limited.

In any of the three operating modes, the gas pressure of the suction line 164 in the

.secondary refrigeration loop 112 is continuously monitored and in the event of a gas leak
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the secondary refrigeration |oop 112 is automatically repl eni shed SwAY%H 2¥8s.
Upon sensing a pressure deficiency in the secondary refrigeration |oop via
the PS 178, the solenoid valve 170 is automatically opened and the gas is

repl eni shed. Wien the pressure reaches the set value of the PS 178, the

sol en{)hhd valve 170 is automatically closed. In general, the PS 174, the PS
178, PRéccpgdamgeliiggtation doop 1268 amomationty @b kenisHELREE FhY .UBm?ﬁé{sg’ge -
The

refri gefaty 00 during the three different nodes. S 178
sensesﬁt he r‘gg‘%ﬁ%‘?ﬁégg}& ghee Sﬁf)(g’td:a cratiod leoR Viaghe BSA78 ghe stlen@dnpr essor 144,

The PEvAT7) sensesmtchty Bt FiEBSULE; ream of the compressor
144 after taF%rofatﬁsorber&?LSO. V\henlglt’ héﬁ%élggfsgh%g\,@%é% dI"BWIHESP ue set at
t

the PS°F9g’ ePP VB, the eeennié valvel @70 pstut@aaricafly theeduct i on port of the
conpressor_144, the solenoid valve 170 opens and gas fromthe source is
i nt r oduced™ #ogralHbe B§d74.che BS d@8 ahe T8d 8004y ths T8r18244e c&firdidat the

CONPr B&264: . of f.. _Thi s res that the pressure in the
recircul atair)ﬂ%q%gs?% %%Bgérl?g\?@&o@wée’%iﬁﬁa}’@%t@éhfevélff@elﬁrrmdvsoThacuum The

PS 178Sd8 strees thie gabpregarsigsheredt drivg r hat, t he, conpr essor
[ Sigfol BOR o RRAOEPHNE A4 T e e 174,

144 ijgsﬁicti vathg .when the pressure exce

The Seisedt RISSFRtrepmedownsiream of thetdompeessaeltdi 4Fgr kienes of t he
cust oa@orien$5@! el ed | oad heat exchanger 158 are not exceeded.
Similarly, the TS 180 %ﬁ%ﬂ%ﬁ%ﬁge]fggg%ﬁ@ﬂﬁ?@t ccont for thedowenper at ur e of
the 1 BiSSgseside kpareamotl héeiction e oic Confhako AN AR Tond N A5 eS| bed
earli Sgnslaﬂd af%rst enbodi ment in accordance with the I nvention, the

opt i onal ReaF™ RYEheinuree is infradugadeint the suctipssjdeafdhd Gfinpeeonndd used. | n

thi s soihatiheesinptddsor do8SHRRRRLd X er 152 provides the neans of
protecting the gas éorrpr essor d&?ﬂgg}ésrh&?sg@%ﬁs?ﬁrﬁsiﬁ%g{ §t is beyond its

desi giFFFRAERE gasdoemecvsogbeshotiey thehet Vbt ordienaBash, ThS PAART%LRE T et ur ni ng

col d gashdr ure that_is typically between -40 C and +20 C. The
war m end oge tﬁﬂ? é%%é%fopg Cngpres thatdhe FRImpIessoB Y44 Ileattiviatng wlienttbat exchanger

152, pieesuneetcebdsth t t : P
eeatce c ©8lut B& Jnand Pg)l?ﬁvzﬁ?gﬁf’s 142 ?115{) %glre&gﬁfgrtﬁqnﬁgﬁg B re o ©

gas eyl ting the after-cool er 146, s inturn t he
t enper &t GPEEPE{IREs Mehe susiemerubtaliehedenaldicacivadihfy ek diRnabt®s-600! er  146.

The hhghexBsgRgU I Fdb adsqrber 150 is cooled in the heat
exchanger 1%3 gg“‘?ﬁg” @%I%g f‘%}w&gl&gg iiSﬂgB Gsrpighyifoniralghe tempearsture of

cust ofkértworges sirdapts dfdla recomtatheateatld0bSte : ] 21 19 AUG
cust PPEG: BECH Y BfS?

In a first embodiment in accordance with the invention, the optional heat
exchangers and heaters 154, 156, and 166 are not used. In this embodiment the

recuperative heat exchanger 152 provides the means of protecting the gas compressor 144

from receiving gas that is beyond its design limits.

In the cool mode, the heat exchanger 152 warms the returning cold gas to a
- temperature that is typically between —40 C and +20 °C. The warm end of this range is
dictated mainly by the sizing of heat exchanger 152, the heat load on the heat exchanger
152, and the temperature of the gas exiting the after-cooler 146, which is in turn

determined by the temperature of the media receiving heat rejected by the after-
146. The high

cooler
-pressure gas exiting the adsorber 150 is cooled in the heat exchanger 152

by the cold low pressure gas returning from the customer-installed heat load heat
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exchanger 158. The cooling of the high-pressure gas exiting heat18xAbad¥or
152 reduces the thernal |load on the refrigeration process 122. In the post
bakeout nopde, the heat exchanger 152 cools the hot gas returning from
custoner-installed heat | oad heat exchanger 158 to a tenperature that is
typically between + 50 C and + 25 'C. The cold end of this range is

di Ct aketthnie 158Y THY obdlgSd(ihd i gh Qe aeXEHARNEH chofunckl1fsdRhds0ad on the
heat exchanger 152, and the tenperature of he gas exiting the

af t et lopden thprafgsrationprogess 182t er mi ned by the tenperature of the
medi a receiving heat rejected by the after-cooler 146. The preferred sizing
of the hedet thexwbbrkeoutibRie, thedsatertchatget 182 beds thetobgngetumihpFrons not ful ly

ffective That is. the heat exch 152 | what _under si zed such
Chat “ERaTRsiale! Beg 0o aair 188 b alrgeratss had rOMBYFASr i al ly ool ed

down Hegwdeher SOWCQRd PrASSTIrEhRd SAd SRHRsAAR QAR bty ¥y HRASHRS he
terrper%}sure of the high-pressure gas Se%éeri ng themtf%igzlﬁrx)éichaﬁn r 152.
I

Typi CANE exehangenl§2y thedwat load on dherhest exebenggadS2and she fompaseure 5T and 30

degr §Rs o NaLAE] t .nlet temperature. of .t L gh- pressur as stream
In thi sg_nanneﬁtislgggetto %tléﬁg“ﬁ’e‘g felg lﬁr%?\ﬁnn‘%twﬁt%ghgge&&%ﬁ’é?ﬂ% al | ed

ext ermedia rdveving Iwatrefeadd tyxhbangetooldd46s passed to the gas conpressor 144
and ultimately to the after-cooler 146, fromwhich it can be rejected to

the envirofheptefand sianpyedcheamnxtBges)sd 8 cH ﬂ&aﬁﬁgh%itgﬂchah & flowof the

hi gh-pressure gas streamthat has absorbed the heat tom the | ow pressure
gas retis BRI elRstivse Thatisothe hestieaehangenl Raasomeshat vedersized evhger 158

flo . i.gerati r ss 122. .which vides a neans to
e bt Sty WAL AR PEE R Rl el Bl ST % 1y <
embodiighptestire gps straanyardaiocs gey @tly esachiecefiperhbfle bbthe M@dpRidurduri ng the
post bake ss _and serves as_a nass that absorbs heat fromthe gas

1
st reaft e’?%gmﬁéﬁgI?‘}%gﬁ’if\]i'ﬁpgeéflSFregb’PlF?lbhﬂ_tﬂrﬂ@WcWﬁS@F@rﬁlfﬁalnr@tf@_F pascexitext er nal
heat baadesatd %Eﬁ?é&%arﬁéﬁﬁlgﬁﬁﬁéﬁ% sephper i G Rg llﬂggg-l’pre Sl!lr%.h | n turn

reduces the tenperature of t OW- pressure gas en I ng %€ heat
exchasfiram. 152his arinermosecnidn heat tawaing frdra thenponadtifiseal i dchendli gh-

press exiting t heat exchanger 152. Once the tenperature of the
1 o R IS heBr b aiet 1 PR T BR Eovmigasor 16 micbuibmeiale ecopt abl ¢

| evel afiérygobloali iy, fegre wWiskH 0840 bd RERRHAS W fay) ' cess 122
can be activated. De endiln on t'[?g specief ing?ﬁ%%@g%@%@%&dﬁﬁa?@%&s%] 22

1 9 AFYstem. Jpaddition, the flow of the high-pressure gas stream that has absorbed the heat

from the low-pressure gas returning from the customer-installed heat load heat exchanger

158 flows through the refrigeration process 122, which provides a means to remove some

of the heat from the high-pressure gas stream.

In this embodiment the primary refrigeration process 110 is turned off during the
post bakeout process and serves as a mass that absorbs heat from the gas stream. The net
removal of heat from the customer-installed external heat load heat exchanger 158
reduces its temperature, which in tun reduces the temperature of the low-pressure gas
entering the heat exchanger 152, and consequently lowers the temperature of the high-
pressure gas exiting the heat exchanger 152. Once the temperature of the high-pressure
gas exiting the heat exchanger 152 reaches an acceptable level, typically around room

temperature, the refrigeration process 122 can be activated. Depending on the specifics
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of the system this threshold tenperature may be hi gher dependi ng_goAUG'RUS
refrigeration. capacity of the refrigeration process 122. In a second
enbodi ment in accordance with the invention, a three-way valve, or two
one-way val ves (not shown), is added at the high-pressure outlet of the
heat exchanger 152. This valve controls the flow of high-pressure gas and
act s afshaswisten, thintheeshold teimpetigb npydedigier dgsentingds Mk FeEigbytibit 0 t he

refri i cess. 122 or ther the high-pressure gas bypasses around
‘the r‘%ﬁ%ﬁge°?§}ﬁo‘%ﬁ‘%?ﬂf%b°é‘sp§°ﬁﬁ. f the high-pressure gas is selected to

bypass the refri era‘i?iélg)[gwgr,ocess the_higqh_— pressure gas may connect to the
gas suppl y 15 e A0 feRoTdases Wifkthe inyAntinmp & dyee-12y vahu, ohe
CUSt iR orleRB4yadd] L . he 158.. In this

enpdyaddld (n6PshSRARls RRRN at @]_g(ﬂlé?'\ gﬁrﬁegﬁxﬁéﬁ%%% thi ﬁgﬁt

enbodi ment, the high-pressure gas exiti exc ger 152 bypasses
t he rechangst 533 ohhipvalve sential@ thatilemeviigh-peeshirglaas Midestifoacas exits heat
exch a predeterm ned tenperature, for exanple, above

oo enpperBen AR e R B el B i e oton BPbass d 22 i bletie

i nventhe high-prossubegis beysRagens tﬁéﬂeﬁi]g_&%ﬁo@%cés@‘izér e Bfinl fredng © t hat

t he gas .entleri ng the g%as, conpressor I44 and the refriger on process 122
are v FPlerted @bypassitheretiigeratinn proesss. thelbightpressieatas enayrvanget tdl 52 war ns
the c@kd.g : ' . cust omer - i alled heat |oad heat
'exchang%;11 %%g[)ﬁ@ﬁ%?&ﬂ%ﬁ%éﬁ%& Eef%‘giﬁ“:"%t?"e“s%rﬁf?eésggéa ‘%ﬁ@&ﬁ?tofrﬁé't‘m&% rs the heat

exchapgemaligat fordhedtkecimdgar 158t 14 §s erhbeditnent, HHRENDRoRS gg&t)@iﬁﬁ@h_ t he Pﬁat
eat er O acni eve e

excha, r 152 is heagted as needed by an electric

requi @ggxe trﬁxglealltggﬁﬁ%-r@[paﬁsgs refiigefiion prpsssekPovhengrer thimbighi gh- pressure gas
cool egrebyure bdreexite abat 8% 1 ' : the el ectric heater 154 and
is fﬁ?rt here%eggl at ed b%ggqsﬁéag’tg Véei% g%@rqm%&m%a\%%r\?efqr “BHERF: nor nal

opera?‘PQYﬁ,ambéelﬁmjmﬂeﬂmEnt heat transfer occurs. The heat exchanger 156
exchanges heat with a media such as water, a water/glycol mxture, or
~sinilar hekta thidresftedimadiiaacdordanbewithdlie DAk tHEOLR, cxBRingBRS syt ur ni ng
from %Q@ Cct’i%fmer'i nst al | e&aext ernal _heat |oad heat exchanger 158 is

cool ed” b HE YpoddR ARy hat the zas qyeringthe gas a@Bpresson 44 andcthevat ed si nce it

I S noteffig&essipidcés| 1P8ate iGN YRS SXlL L Ng the heat exchanger 152. The
hi gh- pr essur%a%as i s heat eld By tﬁ[gﬁhltéﬂg't exchanger 152. The electric heater

154 | t 392}, 23_ack| d si hegating th
i gh pr aosi G eosadk, e e o hatt o FanR kBl e R ieanom 68 "

customer-installed heat load heat exchanger 158 by cooling the high-pressure gas stream
that enters the heat exchanger 152 from the adsorber 150. The low-pressure gas exiting
the heat exchanger 152 is heated as needed by an electric heater 166 to achieve the
required inlet temperature to the gas compressor 144. The high-pressure gas cooled by
the heat exchanger 152 is heated by the electric heater 154 and is further regulated by the
heat exchanger 156. However, under normal operation, no significant heat transfer
occurs. The heat exchanger 156 exchanges heat with a media such as water, a

‘water/glycol mixture, or similar heat transfer media.

In the post bakeout mode, hot gas returning from the customer-installed external
heat load heat exchanger 158 is cooled by the heat exchanger 152. The heater 166 is not
activated since it is not necessary (o heat the gas exiting the heat exchanger 152. The

high-pressure gas is heated by the heat exchanger 152. The electric heater 154 is not
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hi gh- pressure gas by the heat exchanger 156. A portion of the hi 38 pved¥are
gas exiting the heat exchanger 156 is vented to atnosphere by the valve
172. This has the effect of reducing the flow of gas to the
custoner-install ed external heat |oad heat exchanger 158 and subsequently
inproving the ability of the heat exchanger 152 to cool the | ow pressure

gas retiurtel sigediisating (1 higbicOUTRE shd1S bl foReixe Alred: Q2GRN sCpanoer 158

since.there is a greater flow of room tenperature high-pressure gas than
| ow SRITFRITG gasuprihe et skchyager 186 s has the effect of inproving the
~effectiveness of heat exchanger 152. In this enbodi nent, a high

ef f ect i verfeBertion of the Hglapressurh gammitiddReihsaqixehaiceeTs6 isRefeats ast to the

first j educed f| ow. rat f .returning gas is made up by new
gas iy #{ﬁgﬁﬂg{g}%?nv?%g?g%l gﬁ%i% S ﬁ\?%g ﬁ@‘?“c &‘ﬁﬂ?ﬁ’n‘bf Fe e thies room

t enpensomceigaled uxteheil hen® 3 HeCex@hinder 1 58 Qﬁ@&b@écﬁ.x%ﬂﬂﬁﬁ;%ro@?ﬁ% ger 152.
' tiron, the heater 154 and

In aaﬁ?ﬁﬁrtg eﬁgodi rrgnt in accordance wth the inve

t he ¥ oL therbsatxchanggp 152 coobthgdewpoessueans rawmtingothdlat er 166 i s
repl awednm [ The heat. exchanger 166 exchanges heat
with aetorr el S’%tglf’?é% fBBnad g?s IR P i AR AR rrmd e et

i s ndempeigbwe highypeesatuergas thihdokgréssu@rehaiaghotlds. TRBWaHRS: e emper at ure
i fromthe custoner- installed heat ?oad heat

of | ssyre.gas retunin ] |

exchgﬁllL eér;‘%&%g.‘.e ef%g"feé‘ﬁifé{}é‘ff%reéd&?ﬂgﬁhlﬂ-olwtb‘lsé?m{ﬂ@@asa higlavi ng the heat
exchasffetivefss éfhe BER ERhHOGTSHE & cont e, temerature of the

| ow pr.essure gas can be either %@l%ge\?v{egfglecﬁﬁkggg?ihgg \S/teer%?éhrﬁﬁtftnnl boi | i ng
pﬁi nt TRsrreguged dlosv vatsonti m@mlgggmismga‘demp byenuegdsla:gteﬁih'gﬁoheg& S@p@ﬁ?ilanger 166,
the hgal . 166 S designed to operate with a mnimumflow to
assure tehg?tbqt eqﬁ%(lzﬂ% nggthlf FRR™ IR Iraths: g2 Copls i gas retpiming Gy, a 1 ow
swi t clieal exchaegbrtt62.sense the fluid flow If the flow of the cooling fluid
falls bel ow an acceptable limt the flow switch turns off the gas

conpr essor InlA&BuHb eRibS¥ie MLt & Jcb = QUL ar. -boi L. ng, condi ti_qgn. ternately,
a tenperature sensor may be Ssgﬁél?cﬁg%% e&?‘%glnf) ’%\I}Vf:g%a%rc}ls. aflﬁtgfi fth
enbod]P%ﬁ’EChﬁﬁgf‘é%é@r%i‘ainkﬁémnm ushd; and vieridatn 166 iyrepla@d Witk @Rkatl 0SS of gas

fromthe ' ' system 100 i,s sensed and is repl enished with new
gas. A-aRgL o BT 0f Beriings Fsaby T serch wier senlo0s
- mixture, or similar heat transfer medium that is near room temperature. The heat

exchanger 166 regulates the temperature of low-pressure gas retuning from the customer-

installed heat load heat exchanger 158.

The temperature of the low-pressure gas leaving the heat exchanger 166 is
around room temperature. Since the temperature of the low-pressure gas can be either
below freezing or above the normal boiling point of various cooling fluids before
entering this heat exchanger 166, the heat exchanger 166 is designed to operate with a

minimum flow to assure that the cooling fluid will not freeze or boil. Preferably, a flow

switch is used to sense the fluid flow.

If the flow of the cooling fluid falls below an acceptable limit the flow switch
turns off the gas compressor 144 to prevent a freeze-out or boiling condition.

Alternately, a temperature sensor may be used instead of a flow sensor.

In a fifth embodiment in accordance with the invention, any significant loss of gas

from the refrigeration system 100 is sensed and is replenished with new gas. A change in
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the switch position of the pressure switch 178 occurs if the suciliSoAUG 2005

pressure of gas conpressor 144 drops bel ow a predeterm ned | evel. The

pressure switch 178 nay be wused to activate the valve 170, which opens to

allow new gas into the refrigeration system 100 until the suction pressure

senseﬂ1 b .tlp{‘ess_u_re switch 178 reaches a predeterm ned |evel, causing the

switc eﬁé"éc Patitien of e pprsewrs gwicls 178 o@uﬁ?ﬂtﬁmmﬁ@mg&sﬁ@@lof%ﬂ valve 170 to
78

cl ose i r enen the pressure switch is replaced
by a B?%@ggéﬁéih‘isg{nogg%a\séﬁc "5 Q%%P%i?ﬁ?leeﬁh%%ﬁwmtchdffspawd:@ces a si gnal

sens edsddyto actba thevhise 1300vhidh 6ferlsQo AR Yidkera? iE ki, h&%& lJh.uen controls
the v e 170. Alternately, thegflal (\)/e 170 ﬁ,engltglyugg i nst aetg’ﬂisﬁls.{fnﬁle field by
! Q(%Wilrtge?

the cus YFUPR PECSE Bensedhpy piesssirasviicle 7 meathesapeddetergieda connect i on
poi Nt ekl Whilseld AWy [in ration. Simlarl t he
pressure svvist c 178gia§p6§§£bé13&itﬁ9€%gsugl Se\fﬂaglamlc angﬁri‘mgdg‘]? Y‘?Wﬁﬁm feature of

this Ehdlest nent is a provision to allow additional gas to be added to the
secondary refrigeration loop 112 to assure that an appropriate gas charge

i's instal | da annlittietiseonmdamnynt  HraSidiskogh 199k r%%ﬁcedT%P{x @%g u%gppl y
pressggn%opgu asses such as nitrogen is typically ho greater ¥ an 80 psi.
The gas s ¢har §EFSFHE Fanycedby mieduees 2 signalgensetlibyra donoplidrkadwi t h t he

secondsgdyto Y3BvAEO IR : ' ff e, . maxi pressure the
secondar 0r_ef‘;i ger aﬁ%ﬁ{ﬂnﬁ% %%E%Qﬁed%aev%hﬁjg%]aerP%te&g{Reﬁé‘?WﬂpcaI facility
suppl .Paﬁﬁ’@%ﬁﬁl@ddﬂ tigfigd by thetmstoniee. BAiCRER TRSSRhudtrddtmithdcled on, the

suct i dro elow the value set on the pressure swtch 178,
whi chﬂlgsn%ﬁﬁlﬁ&goc Ro&%qoaiygfweévﬁaéﬁéi’ 8¢ pddededuring opgratiomnSimhideslygtee t o be dr awn

into prsswaewitdn]?s dadadd mhike 888 a6 QI €ssor 144. Wien the correct amount
of gas is drawn into the secondary refrigeration | oop, the pressure switch

178 deact i vat f6ii{dna] £ i:4; - 170.and the gas,suppl,y. into the :
secongary refri aer ation 'gglg\é?lsb\égﬁ%eng Sfa}pr?ﬁllféo,ngtf’ﬁgo‘éh?ﬁ@%‘ﬁﬁwéaﬁﬁ’ capabi lity

faci | iPF atides! ta thamenopdadiefiigmationgasp it It ® asti@e tt‘ia@ﬁﬁ)ﬁeﬁbflriétggﬁéaﬁf tion | oop

112 angd opt i nmum.anmount of gas to be introduced into the
seconglgglrn gﬁ 1?% ?xﬁag?%:{p Fcﬁ)aﬁyreg%gerﬂ% 10%&22{ hxpigelsupplypresssrenf pdstes s swi t ched

of f t lvectsdsatiiregdndb BPEAIIP 6 SRS TIRYS PR t han.the supply pressure of
80 psi %%E%cm ly avai I_agl g Erostch (i fﬁﬂ-iﬁeﬁ??{ﬁl’%ﬁemﬁwﬁ&a up ability
it wodf tgR taopdd 2 ywithdhe sseondrry lgapemsprasser Jadswiadtell 88F Qe char ge t he

10059 28848 ;{rgsgng tﬂ@se%glgciar}; r53ﬁigeration foop 112 can be charged to is the typical

facility supply pressure of 80 psi.

- When the gas compressor 144 is switched on, the suction pressure drops below
the value set on the pressure switch 178, which in turn activates the solenoid valve 170
and enables gas to be drawn into the suction side of the gas compressor 144. When the

- correct amount of gas is drawn into the secondary refrigeration loop, the pressure switch

178 deat_:tivates the solenoid valve 170 and the gas supply into the secondary refrigeration

‘loop is cut off. Thus, the auto make-up capability facilitates drawing additional gas into

the secondary refrigeration loop 112 and enables an optimum amount of gas to be

introduced into the secondary refrigeration loop 112.

When the gas compressor 144 is switched off the static balance pressure may be
greater than the supply pressure of 80 psi typically available in the facilities. Without

- . auto make-up ability it would be necessary to have high-pressure gas bottles to charge the
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19AUG- 2i secondary refrigeration loop 112 to an appropriate presdlt AUGR005I ,
and thus, the inconvenience of carrying high-pressure gas bottles in the
~facility is avoided. In a sixth enbodiment in accordance with the

i nvention, the secondary refrigeration |oop 112 may include alternative
conpressor types ‘in place of the gas conpressor 144. More specifically,

t he s3CORMHY yeiFgetatigreloapildd 1o sopprtdriaaprasaet (edel, and Rk fhger at i on

CoNpr §&eR¥enic . onpressor. 114 of the primary refrigeration system
110, in pfg%eug f?ﬁé”%%@gﬁéﬁ%?@§§%?bﬂ gs 1mthe faclaty dgiavoydaedef ri ger ati on | oop
112 may | an oil-1ess conpressor_ instead of the gas conpressor 144.
In a sevenpﬁ£g%ﬁﬁﬁﬁ%@ﬁpaﬁﬁn3@%%&%ﬁﬁ8@mﬂb?H“@mﬁpndh&ww¢1¢wythe recuperative
heat raffigératigeioop 322 afaytiiGu&EARRIALY s 88 " A ds 90 ] .09R 412 MBY be repl ace
by two wat er- cool ed hga; exchangersC?@%ﬁ%ﬁ%&ﬁ&?énﬁgﬁ?ggé@ﬁaﬁger 156. In
thi s EYERressorifd.sMoppsnecificely.dbie sdeendargxahigageon lowpiN3ehdyeciuat 8 t he

hi gh- pdrESSYASh I I downst regm of. the, adsorber 150 in pl ace of
t he recu%er ative iﬁ%%te Réé%%%%g‘%@%%’fssoéﬁﬁ oL theyprimary sefsigeration eystene ool ed heat

exchahd@rinpiace n§thetgascomp@sdoh @44 €TRE Sechi he suction
accum—[ﬂc%(%r ta1 k 162 in place of the recdtﬁ%%eg@%%gﬁ%ﬁeg)?wggﬁ%ﬁger 152. In
“this case, THPE-eRfomprespiiasigedpithe Bas ¢nprassondd4r - cool ed heat exchangers
is such that freezing or boiling is prevented depending on the operating
mode. Furt E‘é? foeath Qn%@dya@tﬂ@ﬁmr@nm withalhinewetibripitel rebigermivahained cl ose

t o t hexMah 0597-09510 [PQY 1$.3921 26 19 AUGM 1. A
proces}s( of gﬁsl:s%g@ g%%tﬁF{@g%? %3\;2\/? %%%t?é‘?‘&?ﬁ By beswnlaspyteeiwvater at i ng gas

chi | | coejed beat erchahgers idetlticdl hghédne RAP& &Y j r.o
terrpelh@%t%&ghi n t.he rr;n e of froni{ about 1%&!11%&?%%% ’oétjﬁisggféﬁg"&o{’%&a
u

t enpei a PEEL IR spEhRt e bighmrasso gas30ply dinaowhstrmOIT BONPT i Si Ng:

provi disigbans0bh pate &t - in the.range of from about +50'C to
about +350' C in g seealtggréecgpée}?{rllg%y{?eg Ch%&%ﬁliéﬁg'eg“’i‘ﬁ?ﬂﬁ BiSECBE ALt i on with
a cl oSedief ey ceehiangémiyisysedeintd the edthrndRENG0SipRGcaRn Bf IaRLMid.ET i ger ati on

syst el anpd, c [ as ol ant system a. wherein the primary
refri gl‘ér at |l%tﬁ§%§/ﬂc§)? gﬁf%‘b‘%ﬁﬁ‘?éﬁ% Tecpperatie hegt exchenger d 5hnkbcthisonagse, gheconpr essor

a concetseempahtutoehe %ﬁﬁﬁt:ooled heat exchangers is such that freezing or

boiling is prevented depending on the operating mode. Furthermore, the gas temperature

achieved will be maintained close to the water temperature.
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exchanger~i, and at |east one a flow netering device; b. wherein$haUc 2005 -
secondary gas cool ant system conprises, in fluid connection, a conpressor,
an aftercooler, and a nmeans to protect the conpressor from excessively | ow
tenperatures; c. wherein the primary refrigerati on system and secondary gas
cool ant. systens are indirectly connected by an outlet line fromthe
secondary gas cool ant systemto a secondary inlet of the heat exchanger(s)
of the first refrigeration system d. wherein the secondary outlet |ine.
fromthe heat exchanger(s) of the first refrigeration systemis in fluid
connection wth the sealed external heat exchanger containing the object
to be chill &d;A piodess of wdher &1 wltrb-hev segleedure xloeedibbp hedtuletkghangkillings i n
fluid connectsyaemvibriradichey thetipetaturp bDiresHjedt R nCORMpOIROE infthOFAnge
‘excessively | effibarabetatisreso hbbut NESSECO Bhperaas it Rlraipe of iohdBougCt Uat i ng
the secondary -g@sc &Psboaill 56X SéddiPristhgt educe the tenperature of the object
being cool ed to a L.aRREH arp&sedt'atmﬁlp@ﬁ&g@up&le & 8ffroh @bdm G s6iC t@nd when
the tenperature of a&hﬁ@ %%a%al EnBH B ERRNe 0N rfﬁﬁf&ﬁlﬁe&on ffper at ure

bel ow +50' G act “ata'sgﬂ Bﬁﬂllﬂ% st I‘B {s 19‘86 ﬁ%&%@hﬁg‘i ra{l&éﬁce the

t enperature of the e Ste range of
from about -30 "C ¢ fg fow t enper at ure cI osed- 1 oop
recircul ati ng gas ch|II|n mca .red cing the tenperature of

an object froma terrper?l ?Rlém p? lgS’Fatlf’ enéc‘ RUSE5 08 #1FY  about
+350T to a tenperature H‘dt%ﬁn‘f’cg(? 70 densen @t leagpnq hept Ay 2005 t o
about -150C conpri si ng SXPRIERER PO éthE}Sb%‘F%ﬁ Q)‘?ﬁ“ée%’t‘léﬁl?‘&ﬁﬁ a secondary
refrigeration system wherein the prinmary refrigeration system conprl ses,

in series fluid connecbi dferein thepenoadary gas epokbghdistegrsompaises, énllgidone heat

exchangers, and at | eastonngpigor h gompagssor.iangitdwodlee and a means to protect
the compressor from excessively low temperatures;

c. wherein the primary refrigeration system and secondary gas
coolant systems are indirectly connected by an outlet line from the
secondary gas coolant system to a secondary inlet of the heat
exchanger(s) of the first refrigeration system;

d. wherein the secondary outlet line from the heat exchanger(s) of
the first refrigeration system is in fluid connection with the sealed
external heat exchanger containing the object to be chilled; and

e. wherein the sealed external heat eXchanger is in fluid
connection with the means to protect the compressor from
excessively low temperatures in the secondary gas coolant system;

actuating the secondary gas coolant system to reduce the temperature of
the object being cooled to a temperature in the range of ambient to +50°C;
and

when the temperature of the object or fluid being cooled reaches a
temperature below +50°C; actuating the primary refrigeration systems to
reduce the temperature of the object being cooled to a temperature in the
range of from about -30 °C to about -150°C.

2. A ultra-low temperature closed-loop recirculating gas chilling system capable of
reducing the temperature of an object from a temperature in the range of from
about +50°C to about +350°C to a temperature in the range of from about -30°C
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. wherein the secondary gas cool ant systemconprises in fluid conné@tAb&m
conpressor, an aftercooler, and a neans to protect the conpressor form
excessively | ow tenperatures; wherein the primary refrigeration system and
secondary gas coolant systemare indirectly connected by an outlet line
fromthe secondary refrigeration systemto a secondary inlet of the heat
exchangers of the first refrigeration system wherein the secondary outl et
line fromthe heat exchanger(s) of the first refrigeration systemis in

f1 ui d. connect itoabont {130t corspasinarh prirhay metfkigératitn syscheangersecapdatyai ni ng t he
obj ect to. be ctfrigtretion ss@mnher ei n t he seal ed external heat exchanger is in
fluid connection with the neans to protect the conpressor from excessively
[ ow tenperatures i whefen the primacakitiggasion optann torfyiddes th sedies TlaRl process of
claim1l \Aherecbﬁt&cﬁ&i,a@bdn;?gism, Loati@der, 8t 18ass 61 heaPB@HSIgRrs, sl Keasd. The
processor of ghaffwindtées Licgonprising a means of protecting the secondary
gas. cool ant conpressor from excessively hot or cold gas selected fromthe

group consisting Whe%n ﬂhe@%n@ﬁigggﬁiﬁﬁ&@s R dofhy aﬁ%wsanaaé%ﬁ&eat

gigﬂgzgg; ihga\t%ﬁ%%&z’? @e&%ﬁﬁ’g gas prio ét%&?iggs& gtrgl%%ﬁi ﬁgocg;rpr essor ;
b) a gas to Iie():iwsdl %I o‘%l&é%nﬁjegat res>échanger in which an external |iquid ,

exchanges heat with.l ow pressure gas prior to iés entry . to the conpressor;
and c) a heat _exchaflgein B anmiaeirion st %gﬁgreﬁﬂ@ Sofifor 1o entry
to the conpr S¥lgp aregindizeg yﬁgﬁtﬂégg 2@““8}’ 5t kg from T‘},&?ﬁo’& ThrIdgeRRfion
gas-to-gas hed¥SERMAMFERIAEY tehd Es hepfexphaggeriob e r 18 am exi ting
the aftercool é¥Si®Hnd gas returning fromthe external heat exchanger. 6.

The process of claim1l further conprising a liquid cool ed heat exchanger

pl aced between rettherpintheisprondary eptietiling m@&bﬁﬁwm@) pthefirto t he
“inlet of the reizigontion systrasisdodhidieonesstipn wih dre se@lgd external heat exchanger
containing the object to be chilled; and

wherein the sealed external heat exchanger is in fluid connection with the
means to protect the compressor from excessively low temperatures in the
secondary gas coolant system.

3. The process of claim 1 where the object being cooled is a semi-conductor chuck.

4. The processor of claim 1 further comprising a means of protecting the secondary
gas coolant compressor from excessively hot or cold gas selected from the group
consisting of at least one of

a) a gas to gas recuperative heat exchanger in which high pressure gas
downstream of the aftercooler exchanges heat with low pressure gas prior to its
entry to the compressor; _

b) a gas to liquid cooled heat exchanger in which an external liquid
exchanges heat with low pressure gas prior to its entry to the compressor; and

c) aheat exchanger that adds heat to low pressure gas prior to entry to the
COmMPressor.

5. The process of claim 1 further comprising a gas-to-gas heat exchanger exchanges
“heat between the gas stream exiting the aftercooler, and gas returning from the
external heat exchanger.

6. The process of claim 1 further comprising a liquid cooled heat exchanger placed

between return of the external heat exchanger and prior to the inlet of the
secondary gas coolant compressor.
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1 9 AUG- 2005 7. The process of claim6 where the liquid cool ed idaAUG 20085
exchanger is a water-cooled heat exchanger. 8. The process of claim1l
further conprising a heater placed on return line for returning cold gas.
9. The process of claim1l where the conpressor is selected from

reci procating, rotary, screw or scroll type conpressors. 10. The process
of claim9 where the conpressor is a scroll conpressor. 11. The processor
of claim1 further conprising a solenoid valve for replenishing |ost

cool ant gas?.wHa peecpssed slame 6ddferacthe ligyiderolsd bedt nxdhheges dcowatar-gooled
refrigerationhegepchahger. The process of claim| further conprising val ves
added at the high pressure outlet of the heat exchanger to sel ect whet her

t he gas fee8ls Thepaekiswflichim 1tineher ebmpaangi heuter picod 65 engh liay f@sses t he
refrigerationrgu@és®id g3, The process of claim 1l wherein the refrigerant
is a mxed refrigerant selected from nonflanmable, chlorine-free, nontoxic

_ m xed-ref ri germahprb@t#elaindd where the compressor is selected from reciprocating,
rotary, screw or scroll type compressors.

10. The process of claim 9 where the compressor is a scroll compressor.

- 11. The processor of claim 1 further comprising a solenoid valve for replenishing lost
coolant gas when a pressure deficiency exists in the secondary refrigeration loop.

12. The process of claim 1 further comprising valves added at the high pressure outlet
of the heat exchanger to select whether the gas feeds directly into the refrigeration

process or bypasses the refrigeration process.

13. The process of claim 1 wherein the refrigerant is a mixed refrigerant selected
from nonflammable, chlorine-free, nontoxic mixed-refrigerant blends.
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